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TEMPERATURE, THIAMINE, AND GROWTH OF 
PHYCOMYCES 

William J. Robbins and Frederick Kavanagh 

Temperature has a marked effect upon the growth of Phycomyces blokes- 
Icconus in media containing limiting amounts of thiamine. At the lower tem¬ 
peratures growth is slower but the sporangiophores attain a greater length 
and the final dry weight of the mycelium* is materially larger. The inter¬ 
relation between thiamine and temperature on the growth of Phycomyces 
may affect our ideas of the metabolism of thiamine by this organism, bears 
on the use of this fungus in the bioassay of thiamine, and modifies our con¬ 
cept of the term “optimum” temperature. The present study reports experi¬ 
ments on the gro\vth of Phycomyces in solution cultures at various tempera¬ 
tures in the presence of limiting amounts of thiamine or its intermediates. 

METHODS AND MATERIALS 

Phycomyces hhtkeslceouus (-) was grown in 125-ml. Erlenmeyer flasks 
each containing 25 ml. of a basal medium 1 supplemented with thiamine (or 
mixtures of its inf( f rmediates) in amounts less than sufficient to allow maxi¬ 
mum growth. The medium in the flasks was inoculated by adding a drop of 
a spore suspension in sterile distilled water. Identical cultures were incu¬ 
bated at various temperatures; at intervals after inoculation the dry weights 
of the mycelium were determined. The dry weights of small quantities 
of mycelium were determined by filtering into Gooch crucibles, washing 
thoroughly with distilled water, and drying at 100° t\ When growth was 
sufficiently extensive to form a mat. the mat was fished out. washed in dis¬ 
tilled water, pressed partially dry with the fingers and placed in aluminum 
pans for drying and weighing. 

All glassware was cleaned with chromic acid cleaning mixture, thor¬ 
oughly rinsed with tap and distilled water, and drained dry. The thiamine 
and its intermediates were obtained from Merck and Co. The asparagine was 
purified by treatment with Norit and crystallization from alcohol. The 
other chemicals were of C.P. grade. 

EXPERIMENTS 

Dry Weight—Time Curves at Various Temperatures. Phycomyces 
was grown at 10°, 15°, 20°, and 25° 2 in the basal medium with 3 g. of 

1 The basal solution contained per liter 0.5 g. MgSO, 7H a O, 1.5 g. KH a P() 4 , 50 g. 
dextrose, asparagine as indicated, and the following trace elements in p.p.m.: 0.005 B, 0.02 
Cu, 0.1 Fe, 0.01 Mil, 0.01 Mo, 0.09 Zn, and 0.01 On. 

2 For simplicity the temperatures of incubation are given to the nearest whole degree. 
They were actually as follows: 10.4° ±0.2, 15.4° ±0.4, 20.0° + 0.3, and 24.8° ±0.3. All 
temperatures are expressed on the Centigrade scale. 

1 
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asparagine per liter supplemented with 0.25, 0.5, 1.0, or 1.5 nip moles of 
thiamine per flask. At various intervals after inoculation the dry weights* 
of triplicate cultures were determined. 

The most complete series of determinations was made on those cultures 
supplemented with 1.0 nip mole of thiamine. For the cultures grown with this 



time in days. 

Fig. 1. Average dry weights of mycelium of rhjicomiin\s produced at lo , l.*i , 2<» , 
and 25° in a basal solution containing 1 nip mole thiamine per tlask. 

amount of thiamine at 10° dry weights were determined daily from the 5th 
to the 16th day after inoculation and on the 20th, 22nd, 24th, and 26th day. 
For those cultures at 15° dry weight determinations were made daily from 
the 4th to the 16th day and on the 18th, 20th, and 22nd day. For the cultures 

3 in this experiment variations in water content in the dried mycelium were minimized 
by removing the mycelium from the oven and allowing it to cool for at least lo minutes in 
a desiccator over calcium chloride. Weighings were made to the nearest 0.1 mg. in .10 
seconds. 
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at 20° and 25° the determinations were made daily from the 3rd to the 18th 
day. The dry weight—time curves (fig. 1) at all four temperatures were of 
the same general shape. At each temperature the dry weight increased with 
time to a maximum followed by a decrease as the result of autolysis. The 
higher the temperature the more quickly the maximum was reached and the 
lower was that dry weight. At 10° with 1.0 ing mole of thiamine the maximum 
dry weight was 196.8 mg. reached on the 13th day; at 15°, 167.9 mg. on the 
10th day; at 20°, 152.9 mg. on the 7th day, and at 25°, 113.6 mg. on the 6th 
day. Almost twice as much dry matter was produced by Phycomyces at 10° 
with 1.0 mg mole of thiamine as was formed in the same medium at 25°. 

TABLE 1. Average dry weight in mg, of mycelium of Phycomyces grown at 10 °, 15°, 
;JO°, or *tr>° for the periods given in a basal solution containing O.J5, 0.5, 1.0 } or 1.5 mg 


molts of thiamine 










Days: 

l 

5 | - 


12 

13 

18 

20 

22 

28 

0.25 mg 
molt* 

10° 


! 21.7 

58.0 

72.9 



54.1 


52.2 

15° 

18.7 

' 51.8 

02.0 


53.1 



51.0 


1*0° 

47.0 

, 51.2 

41.0 


43.8 

51.3 




thiamine 

25° 

42.5 

58.4 

■ 

38.0 


39.0 

43.5 



. 

0.5 mg 
molt* 
thiamine 

U° 


; 24.5 

_ 

305.1 

129.5 



103.0 


90.7 

15° 

28.2 

95.0 

105.5 


89.0 



84.3 


20° 

25° 

85.8 

7L2 

80.3 

70.1 

71.0 
; W>-9 


08.0 

03.7 

07.2 

00.1 

I 


1 

1 

1.0 1141 
mole 
tli in mine 

10° 

2.0 

18.3 

, 148.3 I 

189.8 

190.8 

108.3 

102.2 

151.5 

' 135.9 

15° 

20.2 

123.1 

107.9 

357.8 

159.1 

143.4 

139.9 

; 133.3 


20° 

99.2 

152.9 

132.4 

133.2 

124.5 

122.0 


1 


! 

Ji :u 

112.3 

99.2 

101.1 

102.9 

104.1 




r 

10° 


40.5 

‘ 203.4 

225.8 



180.8 


' 160.5 

1.5 nig 
moles 
thiamine 

! 15° ! 

58.0 

187.5 

190.0 1 


181.7 



101.2 


j 20° 

179.0 

180.8 

180.5 1 


167.8 

361.5 




2;V 

150.4 

153.7 

133.2 

1 

1 

1 

133.5 

141.7 





Less frequent determinations of dry weights were made with the other 
quantities of thiamine. At 10° determinations were made on the 7th, 10th, 
12th, 20tli, and 26th day; at 15°, on the 5th, 7th, 10th, 13th, and 22nd day; 
at 20° and 25°, on the 5th, 7th, 10th, 13th, and 18th day. The results 
(table 1) with 0.25, 0.5, or 1.5 mg moles of thiamine per flask were similar 
to those obtained in the cultures which contained 1.0 mg mole of vitamin. The 
maximum dry weight attained at the lower temperatures was greater than 
that at rhe higher temperatures (table 2). In the cultures containing 0.25 
mg mole of thiamine the maximum weight at 10° was 171 per cent of the 
maximum at 25°; in those with 0.5 mg mole it was 182 per cent; with 1.0 mg 
mole 174 per centj and with 1.5 mg moles 155 per cent. 

The higher the temperature the less efficiently was thiamine used by 
Phycomyces in the production of dry matter. This is made clear by the 
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figures in table 2 and also by calculating the dry matter formed per unit 
of thiamine at the various temperatures. For example, in the presence of 1 
mp mole of thiamine Phycomycca at 10° produced 580,000 units of dry mat¬ 
ter for each unit of thiamine present in the medium; at 25° the units of dry 
matter per unit of thiamine were 340,000. 

It should be emphasized that the amount of thiamine in these cultures 
was the factor limiting growth at all temperatures. More than sufficient 
sugar, asparagine, mineral salts, and other materials were present for the 
amount of growth obtained. This is demonstrated by the increased growth 
as the thiamine was increased. For example, the maximum at 10° with 0.25 
mp mole of thiamine was 72.0 mg.; with 0.5 nip mole, 120.5 mg.; with 1.0 nip 
mole, 196.8 mg.; with 1.5 inp moles, 225.8 mg. Similar results were obtained 
at 15°, 20°, and 25 c (table 2). 

TABLE 2. Maximum dry wnyhts in my. obtained at lit* ft mferatures and tcitli the 
quantities of thiamine yiren. Tht p'ynres m the parenth*s* s are the number of days of 
incubation to obtain tin maximum dry neiyht. 


Mp moles 
thiamine j 

10° 

15 


1 

25 

0 .2a ! 

72.0 (12 i 

02.0 

< 10 >: 

51.5 ( 7 

42.5 <5 

0.5 

120.5 (12» 

1»>5.5 

(in- 

so.;; (7 - 

71.2 (5 

1.0 

100.S [V.U 

107.0 

(P» i 

152.0 ( 7 » 

1 15.5 (0 

1.5 

225.S (12» 

10n.i) 

fin. 

lSO.s i 7 i 

150.4 ( 5 


Two grams of asparagine per liter were found to be insufficient to allow 
maximum growth at 10° (’ in the presence of 1 nip mole of thiamine though 
entirely adequate when 0.2 mp mole of thiamine was used. 

The Influence of Excess Thiazole or Pyrimidine on the Efficiency of 
Thiamine at Various Temperatures. Homier and Huehmau {]) pointed 
out that the dry matter produced by Phyconnjn s in the presence of a limit¬ 
ing amount of thiamine was materially increased if an excess of the thiazole 
intermediate of thiamine was present. This “thiazole effect" on Phycomyvts 
was confirmed by Robbins and Kavanagh (4) and by Kavanagh (3). It ap¬ 
peared desirable to determine the influence of temperature on tin* thiazole 
effect. 

Phyromycrs was grown in the basal medium containing 4 g. of asparagine 
per liter supplemented per culture with mixtures of the pyrimidine and 
thiazole 4 intermediates of thiamine as follows: 

0.25 mp mole pyrimidine and 0.25 mp mole thiazole 
0.25 mp mole pyrimidine and 10.0 mp moles thiazole 
10.0 mp moles pyrimidine and 0.25 mp mole thiazole 

4 The thiazole used was 4-methyl5-fl-hydroxyethylthinznle and the pyrimidine wan 
2 -methyl-o-bromomethyl-O-amiiiopyriinidme hydrobromide. 
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1.0 mp mole pyrimidine and 1.0 mp mole thiazole 
1.0 mp mole pyrimidine and 10.0 mp moles thiazole 
10.0 mp moles pyrimidine and 1.0 mp mole thiazole 

Dry weights were determined on duplicate eultures at 25° after 4, 5, 6, 7, 9, 
and 11 days of incubation, and at 10° after 9, 11, 12, 13, 15, and 26 days. 
These days were selected because it was anticipated from the earlier results 
with thiamine that they would probably cover the maximum growth period. 

In the cultures with equimolecular amounts of thiazole and pyrimidine 
the results were much like these obtained in the earlier experiment with 
thiamine. At 10° the maximum growth obtained with 1 mp mole of thiamine 
was 196.8 mg. (table 2), and with 1 nip mole of each of the two intermediates 
it was 192.9 mg. (table 3). At 25° 1 he maximum growth with 1.0 nip mole of 

TABLE 3. Dry wtiphts in my. of the mycelium of Phycomyces yrmen for the 
piriods yiren in mixtures of Ihe pyrimidine ( Pyr .') and thiazole ( Th.) intermediates of 
thiamine . Above , temperature of incubation J.P; below , temperature of incubation 10'-, 



0.25 

0.25 

10.0 

1.0 

1.0 

10.0 


1 ni|Li mole 

ni[i mole 

mg moles 

1191 mole 

1 mg mole 

mg moles 

. 

Pyr. 

Pyr. 

Pyr. 

Pvr. 

i Pvr. 

Pvr. 

1 >ays 

1 0.25 

10.0 

0.25 

1.0 

10.0 

1.0 


i mg molt* 

mil moles 

mil mole 

mu mole 

mg moles 

liiu mole 


Th. 

Tli. 

Th. 

Th. 

Th. 

Th. 

4 

22.7 

19.5 

25.0 

10.7 

35.1 

15.0 

r> 

45.;; 

20.4 

40.S 

90.5 

125.7 

112.8 

o 

42.0 

01.2 

4S.5 

108.8 

152.8 

110.7 

7 

38.8 

04.5 

I 45.5 

104.0 

109.4 

118.1 

!) 

57.2 

05.H 

| 42.1 

95.7 

172.3 

110 5 

11 

50.S 

00.5 

i 59.5 

90.0 

180.1 

107.5 

9 

5S.7 

5S.7 

27.S 

l 41.2 

45.1 

39.1 

11 

55.9 

02.5 

I 50.7 

! 157.2 

1 148.4 

i 102.3 

111 

02.8 

07.5 

05.5 

190.1 

207.0 

, 191.7 

13 

04.S 

05. S 

05.5 

1 192.9 

215.9 

; 198.5 

i:> 

5S.9 

74.5 

04.1 

i 191.2 

210.5 

203.3 

ne 

54.7 

i KU.l 

1 ,> i .5 

! 172.0 

190.1 

170.1 


thiamine was 113.3 mg., and with 1 mp mole of each of the two intermediates 
108.8 mg. At 10 the maximum yield with 0.25 nip mole of thiamine was 
72.9 mg., and with 0.25 mp mole of the intermediates 64.8 mg.; at 25° 0.25 
nip mole of thiamine gave 42.5 mg. as the maximum dry weight while 0.25 mp 
mole of the two intermediates produced 43.3 mg. The maximum growth at 
10° was 179 per cent greater than at 25° in the cultures with 1 nip mole of 
each of the two intermediates, and 150 per cent greater in the cultures with 
0.25 mp mole of the intermediates. 

The thiazole effect was evidenced at both temperatures but it was more 
pronounced at 25° than at 10°. In the cultures at 25° supplemented with 
1 nip mole of pyrimidine and 10 mp moles of thiazole the maximum dry 
weight was 180.1 mg. as compared to 108.8 mg. where equimolecular amounts 
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of the two intermediates were used (table 3). At 10°, however, the maximum 
yield with 1 nip mole of pyrimidine and 10 mp moles of thiazole was 215.9 
mg. as compared to 192.9 mg. in the solutions containing 1 mp mole of each 
of the intermediates. The maximum dry weight at 25° in the solutions con¬ 
taining excess thiazole was 173 per cent of that in the solutions containing 



Fig. 2 . Average dry weights of mycelium of Phyconutc* * produced at in f ' and at L'f> 
in solutions containing equimoleeular quantities of the thiazole and pyrimidine intermedi 
ates and in solutions with excess thiazole. Above, solutions containing per flask 1 mp mole 
each intermediate (broken line), or 1 mp mole pyrimidine and 10 mp moles thiazole (solid 
line). Below, solutions containing 0.25 mp mole of each intermediate (broken line), or 
0.25 inp mole pyrimidine and 10 mp moles thiazole (solid line). 

equimoleeular amounts of the two intermediates; at 10°, however, it was 
112 per cent. In fact, the "rowth at 25° in the cultures supplemented with 
excess thiazole approached that at 10° in the cultures containing 1 ing mole 
of each of the intermediates (fig. 2). 
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The same sort of results was obtained with the smaller amounts of the 
intermediates. The maximum dry weight at 25° in the cultures with 0.25 mp 
mole of each intermediate was 38.8 mg. and with 0.25 nip mole of pyrimidine 
and 10 mp moles of thiazole it was 150 per cent greater (64.5 mg.). On the 
13th day at 10° the dry weights in the solutions with equimolecular amounts 
of the two intermediates nearly equaled that in the solutions with excess 
thiazole. In the latter solutions, however, the dry weight continued to in¬ 
crease, reaching a value (80.1 mg.) 120 per cent greater than the maximum 
found in the solution with equimolecular amounts of the intermediate. 

A lower temperature of incubation had much the same effect on the dry 
weight of Phycomyces under our conditions as the addition of excess thiazole 
to the medium. For example, the maximum dry weight at 10° with 0.25 mp 
mole of the intermediates was 64.8 mg., and it was 64.5 mg. at 25° when the 
solution contained 0.25 nip mole of pyrimidine and 10.0 mp moles of thiazole. 
The maximum dry weight at 10° in the solutions with 1 inp mole of the inter¬ 
mediates was 192.9 mg., and at 25° in the solutions containing 1 mp mole of 
pyrimidine and 10 mp moles of thiazole it was 180.1 mg. In fact, the weight 
(90.0 mg.) with 1 mp mole of the intermediates at the end of 11 days growth 
at 25° was nearly the same as that (80.1 mg.) obtained with 0.25 mp mole of 
pyrimidine and 10 mp moles of thiazole at the end of 26 days at 10°. 

Excess pyrimidine had little effect on the dry weight of Phycomyces as 
compared to that in the solutions containing equimolecular amounts of the 
two intermediates (table 3). There was a slight though consistently greater 
dr\ weight in those solutions containing excess pyrimidine, but whether this 
was a real effect or the result of some systematic error is uncertain. In any 
event, the action of excess pyrimidine was in no way comparable to that of 
excess thiazole. 


DISCUSSION 

Optimum Temperature for Dry Matter Production by Phycomyces. 

Burkholder and McVeigh (2) grew Phycomyces at 10°, 15°, 20°, and 25° 
with various amounts of thiamine, and concluded that the optimum tempera¬ 
ture for the production of dry matter lies in the vicinity of 15° under the 
conditions of their experiments. However, they neglected the time factor and 
determined dry weights at one point only, namely, at the end of 10 days, a 
length of time insufficient for the cultures at 10° to attain their maximum 
dry weights. Our data show that the optimum temperature for the produc¬ 
tion of dry matter by Phycomyces in the presence of limiting amounts of 
thiamine is 10° or less. In fact, extrapolation of our data suggest that if 
Phycomyces could be grown at so low a temperature, the maximum dry 
weight at 2° with 1 mp mole of thiamine per flask and 4 g. of asparagine per 
liter would be about 250 mg. and the thiazole effect Avould not appear. 
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The optimum temperature for the production of dry matter is influenced 
by the composition of the medium. We were concerned with the effects of 
temperature when the supply of thiamine was the limiting; factor for growth. 
Different results would have been obtained if asparagine, dextrose, or some 
factor other than thiamine were limiting. For example, when 2 g. of aspara¬ 
gine per liter were used, we found the difference in maximum dry weights 
at 10° and 25° in the presence of 1 nip mole of thiamine to be small, 12(i.5 mg. 
at the lower temperature as compared to 117.6 mg. at 25°. When 3 g. of 
asparagine per liter were furnished these weights were 197.2 mg. and 115.2 
mg. respectively. 

With the smaller amounts of thiamine Burkholder and McVeigh (2) 
found maximum growth at 15° C, but when 12.5, 25.0, or 2500.0 mp moles of 
thiamine were supplied per flask the dry weights at the end of 10 days were 
nearly the same at 15°, 20°, and 25° (\ They concluded that the extension 
of the optimum temperature range with the larger amounts of thiamine was 
related to the heterotrophic requirement of the fungus for thiamine. It is 
more probable that this apparent extension of the optimum temperature 
range was because asparagine or glucose limited growth in those cultures 
which were supplied with relatively large amounts of thiamine. 

Significance for the Bioassay of Thiamine. It is clear that the tem¬ 
perature of incubation is important in the assay of thiamine by the growth 
of Phycomyces. A standard curve showing the relation between amount of 
thiamine and growth of Phyvomyvrs at one temperature cannot be satis¬ 
factorily used for the bioassay of thiamine at another temperature. For 
example, 100 mg. of dry matter on a standard curve constructed from our 
data showing the relation between quantity of thiamine and maximum dry 
weight (5 days growth) of Phycomyc*s at 25 c would represent the effect of 
0.84 mjj mole of thiamine (fig. 3). If, however, the fungus were grown at 
15° when a bioassay was made, a maximum dry weight of 100 mg. (10 days 
growth) would be produced with 0,47 mp mole of thiamine (fig. 3). An error 
of comparable magnitude results if the dry weights obtained from older 
cultures are used instead of those which are maxima. A dry weight of 100 
mg. with 10-days-old mycelium grown at 25° represented 0.98 nip mole of 
thiamine as shown by our data. But 100 mg. of mycelium were produced 
in 20 days at 15° by 0.62 mp mole of thiamine (fig. 3). 

Relation to Concepts of the Metabolism of Thiamine. Are the results 
obtained with Phycomycc m applicable to other organisms? For example, to 
those which require molecular thiamine and are unable to utilize* the inter¬ 
mediates? 

Bonner and Buchman (1) were of the opinion that Phytophlhora cin - 
namomi, which is unable to use the intermediates of thiamine, destroys Ihia- 
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mine in the same way that Phy corny ecu does. This, they believe, occurs by the 
inactivation of the thiazole portion of the thiamine molecule and the re¬ 
leasing of functional pyrimidine. Phycomyces is able to couple the residual 



THIAMINE in M/a MOLES. 

Fni. 3. 1 >ry weights of 7 'hi/nnui/cr* ;it various temperatures plotted against quantity 
of thiamine on Jog log scales. Lower curves maximum weights at various temperatures 
used. Ppper scale weights after 22 days at 10°; after ‘JO davs at 15°; after 18 days at 
20° and 25°. 


pyrimidine with additional thiazole to form thiamine. Phytophthora cannot 
do this. 
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If Bonner and Buchmau are correct then we should expect organisms 
requiring molecular thiamine also to utilize thiamine more efficiently at the 
lower temperatures than at higher temperatures.*"’ 

Kavanagh (3), however, has suggested that two enzyme systems in Phy - 
comyces compete for thiamine, carboxylase and an enzyme which destroys 
thiazole. The latter enzyme does not exist in Phytophthora. If this is true, 
then the major effect of temperature on Phycomyces may be on the enzyme 
system which destroys thiazole rather than on the carboxylase system. Under 
such circumstances a marked difference might exist between the response to 
temperature of Phycomyces (and other fungi able to utilize the intermedi¬ 
ates) in the presence of limiting amounts of thiamine, and that of organisms 
like Phytophthora which require molecular thiamine. A decision between 
these two viewpoints might be obtained by investigating the effect of tem¬ 
perature upon the growth of Phytophthora (or some other organism which 
requires molecular thiamine) in the presence of limiting amounts of this 
vitamin. 

SUMMARY 

Phycomyces was grown at 10 c ‘, 15°, 20°, and 25° in a basal solution con¬ 
taining limiting amounts of thiamine. The maximum dry weight increased 
as the temperature of incubation decreased. The efficiency with which thia¬ 
mine was used by this fungus in the production of dry matter was greater 
at the lower than at the higher temperature. The benefit of excess thiazole 
was greater at 25° than at 10°. The relation of these results to the use of 
Phycomyces in bioassavs and to concepts of the metabolism of thiamine is 
discussed. 

The New York Botanical Garden 
and 

Department of Botany, Columbia University 

New York 
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bination of thiazole and pyrimidine since Phytophthora is incapable of this synthesis. 
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POLLEN ANALYSIS OF SOME BURIED SOILS, SPARTAN¬ 
BURG COUNTY, SOUTH CAROLINA 1 

Stanley A. Cain 

In 1936 the Soil Conservation Service 2 made a reconnaissance of the 
southern Piedmont and selected Spartanburg County, South Carolina, as a 
locale for intensive study of natural and accelerated erosion from the geo¬ 
logical point of view. This is an area in which gullying: has been particularly 
destructive because of the nature of the coincidence of land form, land use, 
soils, deep weathering, and climate. 

The Piedmont topography of Spartanburg County is of the gently roll¬ 
ing type that results from the long-continued action of running water. The 
rounded divides slope gradually into dale heads, shallow saucer-shaped 
slopes, which everywhere connect with the ravines of the dendritic drainage 
pattern. The greater part of the area is underlaid by granites, gneisses, and 
schists, which under the warm, humid climate have generally weathered from 
25 to 50 feet, and on the interstream divides to twice that depth below the 
surface. The residual soils of the area (Cecil, Lockhart, Appling, Colfax, 
etc.) are intimately related to the bedrock, with a badly decomposed layer, 
which retains the original rock structure and arrangement, intermediate 
between bedrock and soil. 

Xot only are the gullies from 20 to 25 and sometimes 50 feet deep, but a 
single rain may cause a gully to widen from 10 to 12 feet in places, and its 
cave head may recede from 10 to 15 feet within a few months. If it were not 
Jor erosion of this type, which takes place principally away from the perma¬ 
nent streams of the area, in dales and on the upper slopes of the gentle 
topography, no one would have had reason to suspect the presence of numer¬ 
ous, local, buried, organic soils. 

Late in 1938 the author was invited to inspect certain of these organic 
horizons which had been discovered as a result of the gully studies around 
Spartanburg, and to apply the technique of pollen analysis to them, should 
their characteristics seem to warrant doing so. In every ease these sediments, 
at the heads of rapidly growing gullies, rest near the upper surface of the 
saprolite, separated from it only by a thin sand and gravel bed, and are 

1 Contribution from the Botanical Laboratory of The University of Tennessee, N. S. 
No. 70. 

2 The following introductory paragraphs are based upon a publication of the S.C.S., 
“ Principles of Gully Erosion in the Piedmont of South Carolina ” by H. A. Ireland, C. F. 
8. Sharin', and I). H. Eargle. U. S. Dept. Agr. Tech. Bull. 633. 1939. The author wishes 
to thank Mr. Eargle for invaluable field assistance. 

11 
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buried from 5 to 20 feet or more under inorganic* soils which have the typical 
profile structure of the residual soils of the area. After a preliminary recon¬ 
naissance and laboratory examination of some samples of these buried soils 
—which frequently yielded an abundance of pollen grains and spores—it 
was decided to study systematically some of the exposed sections with a view 
to seeking a possible answer to some questions with which the Division of 
Physiographic and Climatic Research of the Soil Conservation Service was 
concerned: namely, are the buried organic soils of geological age, or was 
their burial historic and a result of accelerated erosion following agricul¬ 
ture? Was the vegetation of the vicinity during the period of sedimentation 
similar to that prevailing today, or was it of a type associated with an en¬ 
tirely different climatic regimen? 


METHODS 

Materials for the study of several complete sections were obtained, and 
the present report is concerned with four apparently typical profiles from 
gullies here referred to as stations I (Mt. ('oilins. South') ; 11 (Mt. Collins. 
North); IV (Fingerville); and VIII (Pauline). At each station the profile, 
exposed in the vertical wall or head of the gully, was sampled by removal 
from the cleaned surface of blocks of peaty or organic soil measuring 
11.1.5 inches. The samples were numbered from the base of the sedi¬ 
mentary layer upward and were taken at 3-inch intervals, i.e., with an un¬ 
sampled 2-inch section between each sample. The sample* were cleaned by 
trimming the surfaces and each sample was placed in a separate pill box 
where it was allowed to dry. 

In the laboratory the dry. hardened samples wen* again cleaned by trim¬ 
ming, and material for tin* preparation of slides was shaved from the sur¬ 
faces and gently powdered. The powder was passed through a brass sieve 
and collected in a centrifuge tube by means of a funnel. The material of a 
sample remained in its tube throughout the steps of preparation by the 
Erdtman aeetolysis method (Cain 1030. p. (>33). After the last centrifuging 
of the material all the alcohol was decanted except for about 0.5 c<\, which 
was gently agitated in order to produce a suspension of the pollen-hearing 
material of the surface of the precipitate. Enough of this suspension was 
mounted in Sirtillae to make about 20 sq. cm. of prepared slide surface. 
Safranin was used as a stain, and in most preparations the pollen grains 
and spores were in good condition and readily studied. 

The slides were examined under a binocular at a magnification of 440 
diameters. A mechanical stage was employed, and strips across a slide the 
width of the field of vision were examined completely. For each wimple 
enough slide area was studied to yield a minimum of 150 pollen grains of 
dominant tree species. All other identifiable objects were also recorded while 
these grains were being sought. 
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RESULTS 

An analysis of the pollen is presented in table 1, in which the micro- 
fossils are classified according to a rough ecological and taxonomic scheme, 
and in which the number of grains or spores of each type is given for each 
sample from a profile. Although these tables are fairly obvious, certain items 
need some explanation. 

The “dominant tree pollen” referred to in the introduction, and of which 
at least 150 were counted for each sample, are conceived as including pollen 
of all trees which probably entered the upper arborescent stratum of the 
forests represented in the sedimentation. Thus, of the tree-producing genera 
listed in the table, only Ain ns and Salix , and the Ericaceae an* excluded 
from this group, and Pinna . Picea , Abies, Tanga. Qnerens, Cargo. Castanea , 
Bctula , Carpi n ns, Liquidambar , Til in, Ngssa, and Fagns make up its com¬ 
position. 

Some of the results of the analyses are more readily comprehended 
because the microfossils are classified according to the following groups : 

I. Woody plants 

A. Dominant trees 

1. Coniferous genera 

2. Oak-hickory genera 
Mesopliytic* genera 

B. Kdaphie trees and shrubs 

II. Non-woody plants 

A. Flowering plant families 

B. Spores 

III. Undetermined 

IV. Undeterminable 

Under the heading of conifers are shown those winged pollen grains 
which were identified as to genus, excluding Tsnga which was placed with 
the mesophytes of the deciduous forest. Those winged pollen grains classified 
as “fragments” include all crushed or obscure grains not suitable for iden¬ 
tification, and fragments of larger than half-grain size. In the summary 
table (table 2), where pereentages are given, the fragments have been 
prorated among Pinna , Picea , and Abies. This seems a fair practice, better 
than to ignore them or to guess at their generic identity. 

All the Pinna pollen grains which were observed in a suitable position 
were measured, as were many of the grains of Picea and Abies. The signifi¬ 
cance of these measurements is taken up in the discussion. The line labeled 
“undetermined” includes all pollen grains for which I have been unable to 
make generic or family determination. Those labeled “undeterminable 1 ’ 
were either too distorted and obscure or were lying in an unsuitable position 
for determination. 

In several cases no effort was made to identify the microfossil beyond the 
family (Ericaceae, Compositae), but for woody plants and some spores it 
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was usually not difficult to carry the determination to the genus. The iden¬ 
tification of species has been attempted only for Finns and Abies, and in 
each case with very interesting results. 

DISCUSSION 

Table 2 presents the results of the pollen analyses by genera and per¬ 
centage composition, following well established practice. The percentages are 
computed on a basis of the dominant tree species alone. The justification 
for such a procedure is that it simplifies analysis and is more suggestive of 
the quantitative relations of the genera than when percentages are based 
upon all microfossils. Roth of these tables are arranged according to the fol¬ 
lowing ecological group totals: spruce-fir climax forest ( Picea , Abies), pine 
subclimax forest (Finns spp.), oak-hickorv-chestnut climax forest ( Qnercus, 
Cary a, Casianea ), and mixed mesophytic climax forest (Tsugu, Betula, etc.). 
The theory is that the above grouping allows a ready interpretation of the 
fossil*; with respect to the vegetational types and climate that prevailed at 
the time of the sedimentation. This theory is based upon the climatic indi¬ 
cator value of certain forest types at the present time, and the assumption 
that the past must be understood, in part at least, in terms of the present. 

Although there is considerable general truth in such assumptions and 
interpretations, it must immediately be understood that paleo-ecological 
interpretations an* sometimes extremely hazardous. The spruce-fir climax as 
a whole is an excellent indicator of certain ecological conditions of the humid 
microthcrmal climate, but in studies of a fossil flora there may be consider¬ 
able representation of these genera without their having any sharp climatic 
indicator value. For example, species of these genera persist as postclimax 
relics on bog surfaces and north-facing slopes long after the spruce-fir 
climate as such has ceased to prevail in an area, and the dominant vegetation 
has developed an entirely different oast. 

The genus Pinus provides a perfect example of the critical problem faced 
by the pollen analyst. Pine-dominated forests and pine-oak mixtures in east¬ 
ern North America are usually considered to represent less mesophytic con¬ 
ditions than the contiguous climaxes. One only needs a very slight knowledge 
of the modern genus Finns to realize that its extreme ecological variety 
makes broad interpretations on a basis of generic determinations alone very 
uncertain. There are pine species associated with nearly every tree-domi¬ 
nated climax in North America. Their tolerances for temperature range all 
the way from F. banksiana , which extends to the far northern continental 
timber line, to P. caribava , which goes into the subtropics. Their tolerances 
for moisture vary from the species of the semi-arid pinon-juniper forests to 
the white pines which require mesophytic conditions. In paleo-ecological 
studies, as in studies of modern vegetation, one needs very much to know 
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what the species are, for the ecological tolerance of different species of the 
same genus may be greatly different. Nevertheless, in eastern North Amer¬ 
ica, when pine pollen is considered in relation to other genera, and to changes 
from horizon to horizon, certain interpretations as to the significance of the 
pine may be made on a basis of generic determination only. 

Somewhat similar problems arise in connection with the oak-hickory and 
oak-chestnut associations. Different oak species have tolerances ranging all 
the way from some which require a moist condition, tolerate a saturated 
soil, and never constitute a portion of the climax association ( Q . palustris , 
Q. bicolor ), to others which are climax dominants and codominants of asso¬ 
ciations of various conditions ( Q . alba, Q. macrocarpa ), and several species 
of* the western montane and foothill forests. 

It is usually necessary in pollen studies to group several genera under 
the broad heading of mixed mesophytic forest, for it is nearly always impos¬ 
sible to distinguish in fossil floras whether the genera were actually present 
as an undifferentiated mesophytic type or as a series of association segre¬ 
gates. As a matter of fact, this grouping of mesophytic genera usually pro¬ 
vides as unit h information as is useful in pollen analysis, for the technique 
does not allow much refinement of interpretation in many studies. 

With these preliminary cautions, we may examine table 2 for such infor¬ 
mation as it may yield. In the first place, Spartanburg is in the Piedmont 
in an area usually classified on a basis of modern vegetation as oak-chestnut 
climax association or oak-pine. The element in the fossil flora that is dis¬ 
tinctly out of climatic harmony is that of the spruce-fir climax. This element 
reaches maxima of 13.1 per cent in the fifth spectrum of Station I, 7.7 per 
cent in the sixth spectrum of Station 11. 24.fi per cent in the fifth spectrum 
of Station IV, and 12.0 per cent in the fifth spectrum of Station VIII. Al¬ 
though the representation of spruce-fir is somewhat erratic* from spectrum 
to spectrum, especially at stations II and VIII, it is apparent that most of 
these fossils occur in the lower levels of the buried soils and are absent or 
sporadic and of low percentage in the upper half of the sediments. One is 
immediately led to the conclusions that the climate was somewhat cooler at 
the time of sedimentation than at present, and that the period of time rep¬ 
resented by the deposits included a retrogression of spruce-fir during the 
upper half. 

These conclusions seem warranted despite the preponderance of non¬ 
spruce-fir pollen, providing, of course, it is assumed that the spruce and fir 
pollen grains were not blown to the sedimentary basins from a considerable 
distance where a different climate prevailed. Although there are no good 
data on this point, there are certain facts which in this case argue against 
the long-distance, wind-dissemination hypothesis. The representation of 
spruce-fir at certain horizons is too great for them to be considered made 



18 


BULLETIN OF THE TORREY CLUB 


IVol. 71 


up of grains transported a considerable distance. Today the spruce-fir 
climax occurs on the high southern Appalachians about 60-100 miles north¬ 
west of the Spartanburg deposits, and the prevailing winds blow from the 
southeast. If the climate was cooler at the time of sedimentation than now, 
the spruce-fir formation would probably have occurred on more of the south¬ 
ern mountains than at present and also have extended its lower limits to 
lower altitudes. There is nothing in the spectra, however, to indicate that a 
spruce-fir climate prevailed at Spartanburg at the time of sedimentation. 
It appears more reasonable to conclude that spruce and fir grew in and 
locally around the small ponds where the organic deposits accumulated, and 
that the upland was dominated by a mixture of oak-hickory-chest nut climax 
and pine subclimax. Taking the views described above, it seems necessary for 
us to assume that the spruce-fir in the Spartanburg region played the role 
of postclimax relics, and that the climate even earlier -at a time not rep¬ 
resented by these four profiles—had been more like that of spruce-fir cli¬ 
maxes today. One would hazard, then, that the time represented by the 
buried soils was probably associated with one of the waning periods of the 
Pleistocene, but which one is unguessed. 

The above conclusions do not rest only upon the evidence of the spruce 
and fir pollen. When the slides were being examined, measurements were 
made of several hundred pine grains. On a basis of size-frequency studies 
(Cain 1940). it appears that the smallest of the three fossil species from the 
buried soils was probably Finns banksiana. If this determination is correct, 
at d present information so indicates, jack pine is as good an indicator of 
the changed climate as spruce and fir. and these genera offer mutual cor¬ 
roboration. The pine with the small pollen has a considerable representation : 
61 per cent at Station I (spectrum 10), 17 per cent at Statical II (spectrum 
6), 10 per cent at Station IV (spectra 2 and 9), and 12 per cent at Station 
VIII (spectrum 7). This species,occurs generally at all levels in moderate 
amounts without indicating any discernible trend. Its strong representation 
at Station I appears to be exceptional. Furthermore, the idea of long dis¬ 
tance dissemination which must be considered for spruce and fir is even 
more untenable for jack pine. Today it does not grow natively closer to 
Spartanburg, so far as published records reveal, than northern New York 
and northern Indiana. It is not known, of course, where this pine grew dur¬ 
ing the period of sedimentation, nor why it should have been completely 
eliminated from the area, but there is no pine known at present in the south¬ 
east with pollen grains so small. Sandy habitats are not abundant in the 
southern highlands, and an ameliorating climate might have resulted in 
rather rapid succession and the elimination of a speeics like jack pine 
through the competition of climax dominants. 

In addition to the above conifers, it should also be noted that Tsuija is 
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today alien to the prevailing climate, and that the more mesophytic trees 
(Fa(jus, Betula , etc.) are confined, as postclimax relics, to protected ravines 
and slopes. Finally, the presence of Sphagnum spores in each buried soil, 
and their considerable numbers at Station I, are in accord with the pre¬ 
ceding interpretations. 

With respect to these considerations, I believe a reconstruction of the 
vegetation during the time of sedimentation would be somewhat as follows. 
The characteristic upland climax, probably occupying the largest acreage, 
was oak-hickorv-chestnut. This climax was probably interrupted in many 
places by pine srbclimax—on drier, rockier, upper slopes and, especially, 
where fires had destroyed the climax. Generally through the area, blit espe¬ 
cially in the ravines and on the protected slopes of the stream systems, 
occurred the mixed mesophytic forests playing, even at this time, a post¬ 
climax role. Finally, on the local ponds where the buried soils accumulated, 
there probably grew most of the spruce and fir. They probably occurred as 
bog-mat species and on the cooler slopes adjacent to the ponds. The general 
picture, then, is not much different from that which probably prevailed 
before man and his agriculture except that the climate was sufficiently 
cooler, especially in the earlier part of the period, to have supported spruce- 
fir, jack pine, etc., now absent. How much cooler it is not possible to say, 
since these cool-climate elements already occurred solely as relics out of har¬ 
mony with the prevailing conditions and depending for their survival upon 
edaphic and microclimatic conditions. 

Returning to the question of the identification of species in fossil floras, 
there are certain points that must be emphasized. Specifically, it can not be 
assumed as proven that the Spartanburg sediments contain pollen of Finns 
hanksuma. It has been shown only that certain abundant small grains in the 
sediments resemble closely grains of that species. The grains of Abies are 
likewise of special interest. It was at first assumed, and reasonably so, that 
the fir pollen of the sediments was Abies Fraseri , the modern species of the 
high southern Appalachians. A recent study (Cain 1944d, however, has 
shown that the fossil fir pollen does not correspond in size with Abies Fraseri 
or A. balsam* a, but is very much larger and more like the western A. nobilis 
(Wodehouse 1935). Although such a study does not serve to identify the 
fossil Abies , it does away with what would otherwise appear to have been 
a logical guess as to its identity. Perhaps the fir pollen is that of an extinct 
species rather than of one that is now geographically far distant. In the same 
manner, the small-grained pine may be an extinct species, rather than the 
far-northern jack pine. In any case, we are given a suggestion that the 
buried soils are possibly of greater age than early post-Wisconsin, for it is 
unusual for post-Wisconsin sediments to contain extinct species, or for ex- 



20 


BULLETIN OF THE TORREY CLUB 


[VOL. 71 


tant species to have withdrawn their areas such great distances as would be 
required in the case of this pine and fir. :< 

Attention must also be given to certain other aspects of the profiles. At 
Station I the oak-hickory-chestnut complex shows a consistent rise and 
decline from the bottom to the top of the buried soil, with a maximum of 
about 35 per cent in the spectrum of level number four. This curve is paral¬ 
leled by a similar but weaker one for the combined mesophytes. No such 
simple curve is apparent in the other profiles. At Station IV there is a rather 
steady representation of the oak-hickory-chestnut complex of about 20 per 
cent in the lower half, with a generally progressive increase in the upper 
half to a maximum of t>3 per cent at the top. This trend is not reflected by 
the mesophytes. At Station II. however, there is definite evidence that the 
oak-hickory-chestnut complex and the mesophytes show similar sensitivity 
to changed conditions. At levels 2. 5, 8, and 11 these groups increase to¬ 
gether. Similarly, at levels 3, fi, and 0, when oak-hickory-chestnut decreases, 
the mesophytes do likewise. The correlation is not perfect, however, as can 
be seen from the tables. 

One of the most interesting phenomena of the profiles is revealed at 
Stations II and VIII where there are abrupt, reciprocal changes in the 
importance of the pines and the oak-hickory-chestnut climax. For example, 
at Station II this climax drops from (>2 to 24 per cent between levels 2 and 
3, from 72 to 14 per cent between levels 5 and 6. and from 47 to 27 per cent 
between levels 8 and 9. These changes are balanced very largely by increases 
in the pines from 28 to fi9 per cent, 14 to 74 per cent, and 22 to fdi per cent, 
respectively. This same tendency is shown at Station VIII. but in a less 
dramatic manner. 

Because many pine species play a characteristic role as subclimax domi¬ 
nants following fire, it is suggested as a likely hypothesis that these alterna¬ 
tions represent the widespread destruction of the oak-hickory-chestnut 
climax by fire and its replacement by an abundance of pine. This idea is 
supported by the presence of burned wood fragments ami traees of ehareoal 
at various levels in the sediments. There is no reason to believe, however, 
that the periods of time between the levels dominated by the oak-hickory 
chestnut climax at levels 2. 5, and 8 (Station 11) represent the time required 
for the recovery of the climax after its destruetion by fire and replaeement 
by pine. It is entirely unknown how long was required for the accumulation 
of a unit of sediment, but it is likely that nine inches of the pcatv soil re¬ 
quired a longer period of time than one cycle of recovery of the climax from 
fire. 


3 An attempt at the specific identification of other fossils such as Vicm, (Jut rru*, 
Carya , etc., in these buried soils is recognized ns highly desirable, but I have had no 
opportunity so far to go beyond the present studies. 
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So far in the United States there has been only a small number of paleon¬ 
tological studies depending upon pollen analysis made south of the conti¬ 
nental moraines. I have materials for the study of other profiles in the Spar¬ 
tanburg area, but there are large numbers of these buried soils elsewhere, 
and they should be sought through a wider portion of the Piedmont so that 
a greater abundance of information will be available for correlation studies 
and attempts at dating. It is hoped also that investigators will devote in¬ 
creasing attention to the possibility of identification of species and the 
breaking down of the customarily large ecological groupings of pollen grains 
and spores. The recent study of grass pollen by Keller (1943) is an excellent 
step in that direction. So far I have made no attempt to utilize macrofossils 
from these profiles for corroboration and supplementation of the pollen w 
studies, but it should be done when time permits. And not only should pollen 
analysts supplement their pollen investigations with study of whatever 
macrofossils may be available: there are famous fossil floras, up to now 
examined solely on a basis of macrofossils, awaiting examination by enter¬ 
prising pollen analysts. The work of Wodehouso (1932) on the pollen grains 
of the (irten liiver flora is the only one of such scope yet made in the United 
States so far as 1 know. 


SUMMARY 

In the Piedmont near Spartanburg. South Carolina, there are numerous 
small sedimentary basins containing highly organic soils that are buried 
under several feet of inorganic soil of types generally considered to be com¬ 
pletely residual. Pollen analyses of profiles of four of these buried soils indi¬ 
cate that their age is sufficient to relate them to a cooler climate than pre¬ 
vails in the area today and probably to the Pleistocene. Pollen grains of 
Picai and Abi<s are more abundant in the lower half of the deposits, a fact 
that provides an indication that the sediments accumulated under a warm¬ 
ing climate. It is demonstrated that the Abits is not one of the modern 
species of Eastern America, and that one of the pines may be the northern 
Pinu, s banksiana. On a basis of these data it is concluded that the burial of 
the soils was probably not associated with accelerated erosion in historical 
times due to agriculture. 

The profiles reveal some indication of repeated destruction of the oak- 
hickory-chestnut climax by fire, its replacement by pine, and its recovery 
again to climax conditions. 

The general picture of the vegetational pattern of the Spartanburg area 
during the time of the sedimentation is as follows: The rolling uplands were 
covered by a climax of oak-hickory-chest nut; ravines and protected slopes 
contained stands of mixed mesophytes; several places where small streams 
were impounded postclimax spruce-fir grew on and around bog-like basins; 
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over the upland the prevailing climax was interrupted by stands of pine and 
pine-hardwood mixtures representing various stages of secondary succession. 
Botanical Laboratory, University of Tennessee 
Knoxville. Tennessee 
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THE VEGETATION OF PILOT MOUNTAIN, NORTH 
CAROLINA: A COMMUNITY ANALYSIS 1 

Kvby M. Williams and II. J. Costing 

INTRODUCTION 

Rising abruptly to a height nearly 1500 feet above its surroundings. Pilot 
Mountain has long been a landmark in the northwestern Piedmont of North 
Carolina. Although it is located well within the Piedmont Plateau and is 
isolated from the Blue Ridge, certain species that are ordinarily found only 
at high altitudes occur near its summit. These obvious relationships both to 
the Piedmont and to the mountains proper suggested the desirability of an 
ecological study, and a phytosociological survey of the vegetation was made 
in 1941 and 1942. 

THE AREA 

Pilot Mountain is the most southwestern outpost of the Sauratown Moun¬ 
tains and is located in the southeastern corner of Surry County, North Caro¬ 
lina. Several miles separate it from the two nearest spurs of the Sauratown 
Range. Except for hills in its immediate vicinity, the 2413 foot peak (Pratt 
1917) is isolated and is surrounded by the characteristic gently rolling topog¬ 
raphy of the Piedmont Plateau. 

Topography. The mountain may be separated topographically and 
vegetationally into two distinct parts. The eastern half is an almost perfect 
pyramid, which is topped by The Knob, or Pig Pinnacle (fig. 1) ; the western 
half is an elongated, gently rounded ridge, which, extending westward from 
its highest point, the Little Pinnacle, is outlined by The Ledge. Both The 
Ledge and the sides of the two pinnacles are nearly vertical cliffs composed 
of horizontally stratified rock. 

On the north the two sections of the mountain are separated by Grind¬ 
stone Ridge, which slopes gradually downward from the Little Pinnacle. A 
third long ridge extends downward from the southeast corner of The Knob, 
and several shorter ones are found on all exposures. Northwest of the Big 
Pinnacle, separating it from the Little Pinnacle and from Grindstone Ridge, 
is a broad cove, which is dissected by several shallow ravines and broad, low 
ridges. A number of ravines occur on the eastern half of the mountain, but 
few are found on the western half. 

There are several flats at various altitudes on the eastern pyramid. The 
two largest, both at about IfiOO feet, are Hickory Flat, which extends across 

i Publication of the tables is made passible by a grant from Duke University. 
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most of the east slope, and Poplar Flat, which covers fifteen or more acres 
on the south slope. 

Geology and Soils. Descriptions which follow are based upon the soil 
survey of Surry County (Davis and Oohlston 1937), the only available rec¬ 
ord that deals specifically with geology and soils of the area. 

Quartzite caps Pilot Mountain, and hornblende schist occurs intermixed 
with gneiss along its western boundary. At all altitudes small outcrops of 



Fig. 1. Rough contour limp of Pilot Mountain fdinning position* of transoct line* ami 
genera) extent of each major plant fomrimnitv. Contour* adapted from Monk dp, oflier of 
Regiater of I>eeda, Ilotmon, X. <\ 


quartzite are numerous, and many slabs are scattered over the surface. The 
soils are derived from the underlying quartzite. Hartsells stony fine sandy 
loam occurs at the lower altitudes, and its steep phase, interrupted by rock 
ledges and outcrops, covers the steeper slopes. On gentle slopes the surface 
soil (A horizon) is from 5 to 8 inches thick and is a light gray to grayish- 
yellow fine sandy loam. In places organic accumulation produces a brown 
color. The subsoil (B horizon) is a pale yellow or grayish-yellow friable fine 



1044] 


WILLIAMS AND OOSTINO : PILOT MOUNTAIN 


25 


sandy loam which grades into the yellow, disintegrated quartzite at a depth 
ranging from 15 inches to 4 feet. On the steep slopes and on most of the 
western half of the mountain the veneer of soil is very thin. A restricted area 
on the north slope below The Knob lias a red soil with a brown surface 
(Ilanceville). 

Climate. The nearest weather station is at Mount Airy, which is some 
twenty miles from Pilot Mountain and which has an altitude of only 1048 
feet. The average annual precipitation there is 46.60 inches, with the greatest 
rainfall recorded for the summer months and the least, for November. The 
mean annual temperature is 56.0° F. Monthly averages vary from 75.0° F 
for duly to J8.0° F for January. Other stations in this section have similar 
records with very minor variations. 

Although climatological data are not available from The Pilot itself, or 
from a comparable locality in its vicinity, it is only logical to assume that 
the precipitation and temperature on the mountain follow the same monthly 
trends as those recorded at nearby stations; but that the precipitation is 
somewhat greater on the mountain, while the temperature is slightly less. 
The growing season is also evidently less than the average frost-free season 
of 175 days recorded at Mount Airy. 

History. Exploitation of the resources and scenery of Pilot Mountain 
has been attempted by its several owners with but meager success. At times 
every tree of merchantable size has been cut for lumber. Recently, however, 
the only cutting has been of cord wood from around the base. Several orch¬ 
ards and cleared fields are found on the lower slopes, and there are indica¬ 
tions that a number of others once existed but have been abandoned. As 
recently as 19JO, a field was cleared on top of The Ledge, but it was aban¬ 
doned after a few years of unsuccessful cultivation. 

Teresa (Jilliam, for whom the mountain and surrounding lands were held 
in trust from 1826 to 1870, seems to have realized that the chief values of 
The Pilot are scenic. She had a trail constructed on the south side of the 
mountain and ladders on tin* side of The Knob. No further serious attempt 
to commercialize the mountain was made until 1929, at which time Mr. 
Spoon built wooden steps on the north side of the Big Pinnacle and con¬ 
structed a toll road from the base of the mountain on the northeast to the 
summit of the Little Pinnacle. 

Fire occurred very regularly in the past and resulted in extensive burned- 
over areas. The most serious recent fire burned over most of the mountain in 
1927, and practically all of the large trees are badly fire-scarred. Since the 
construction of the toll road, however, only two small fires have occurred. 
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METHODS 

The known collections from Pilot Mountain include 303 species of vascu¬ 
lar plants representing 76 families. Collections of mosses, though incomplete, 
include 55 species representing 16 families. All these specimens are deposited 
in the herbarium of Duke University. 

A statistical study was based upon 158 sample areas (stations), which 
were spaced at altitudinal intervals of 100 feet along lines (fig. 1) ascending 
9 slopes and 8 ravines. Although the samples were taken at intervals the 
vertical lines were considered as modified transects. At each station estimates 
were made of abundance , coverage, size classes , and sociability of each species 
on an area approximately 50 feet square. The transect plan was originally 
used because altitudinal variation in the vegetation was anticipated. How¬ 
ever, when the results had been tabulated and compared with habitat notes 
taken at each station, it was found that four general plant communities 
exist on Pilot Mountain. The limits of these communities were defined (fig. 
1), and the data were separated accordingly. From these statistics a socio¬ 
logical summary of each community was made. 

In general, the terminology used is that which was summarized by Fain 
(1932). The vertical “transect” lines were treated as stands and the alti- 
tudinally spaced stations were used as sample areas within the stands. Tin* 
average frequency of each species within a community was obtained by 
averaging the frequency values for that species from all “transects” or 
portions of “transects” that fell within the boundaries of tin* community 
under consideration. The results are expressed in percentages. Similarly, 
values for abundance and coverage were averaged. These values, however, 
are expressed by means of classes. For abundance, the 5 classes suggested 
by Cain (1932) were used. For coverage, a class was added tor the species 
that occupy less than one per cent of the surface; thus giving the following 
arrangement: 

CO, species covering less than 1 per cent of the surface. 

C 1, species covering 1-5 per cent of the surface. 

C 2, species covering ft-25 per cent of the surface. 

C 3, species covering 20-50 per cent of the surface. 

O 4, species covering 51-75 per cent of the surface. 

C 5, species covering 76-Juo per cent of the surface. 

The five size classes that wen* recognized arc: 

8 1, species found in the ground cover. 

»S 2, herbs and shrubs below one foot in height. 

8 3, shrubs and transgress]ves below 8 feet in height. 

8 4, trees of the understory., 

8 5, trees of the upperstory. 

Presence is expressed as a percentage which indicates the ratio of the 
number of stands (“transects”) in which the species occurred to the number 
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of “transects” placed within the community. The values for constancy are 
based upon the total number of sample areas (stations) which were studied 
in a community. Five classes of constancy are recognized and those species 
which occurred at more than 80 per cent of the stations (class 5) are con¬ 
sidered to be constants. The classes are as follows: 

Co ], species occurring in 1-20 per cent of the examples. 

Co 2, species occurring in 21-40 per cent of the examples. 

Co II, species occurring in 41-00 per cent of the examples. 

Co 4, species occurring in 01-80 per cent of the examples. 

Co .*», species occurring in 81-100 per cent of the examples. 

DESCRIPTION OF COMMUNITIES 

Most extensive of the four plant communities on Pilot Mountain is the 
dusttntt oak—black pine community of the western half of the mountain 
and the upper south slopes. This gradually changes into the chestnut oak — 
heath of the higher east and north slopes. It idlest and most heterogeneous 
of the four is the oak-hickory forest of the middle altitudes and ravines on 
the south, the east, and the north-facing slopes that lie below The Knob. The 
mixid fortst occupies the lower slopes of these exposures. Because of its 
position and peculiar flora the top of Th< Knob is treated separately. 

Chestnut Oak—Black Pine Community. Except for ravines, this com¬ 
munity occupies all the area from Grindstone Ridge westward around the 
mountain to that ravine on the south which separates the two pinnacles. It 
also continues across that part of tin* south-facing slope which roughly lies 
between an altitude of 1800 feet and The Knob, and gradually gives way to 
the chestnut oak—heath (fig. 1). 

Most of this region has a gently rounded slope with but few ridges and 
ravines. A thin layer of soil only partially covers the rocky surface, and the 
poor quality of the site is reflected in the vegetation. The trees are poorly 
developed and form an open canopy, while the shrubs and herbs are scattered 
and fr<juently appear stunted. 

Data from til stations distributed along 11 “transects" are summarized 
in table 1. These show seven constants: Qucrcus Montana' and Pinas ngida 
in the tree layer, Qucrcus waritandica and O.rydcndnnn arborcum in the 
understorv. Vaccinium vaciltans and Kalmia hit if alia in the shrub layer, and 
A ndropogon spp. in the herb layer. If Xyssa sylcatica , chiefly an understory 
species whose frequency is 87 per cent, were included with the seven con¬ 
stants, this list would contain all species with abundance values of 4 or 5, 
or average frequencies of more than 80 per cent. Except for Oxydcndrum 
arborcum, each of those species has a presence of 100 per cent. 

i Authorities for names are given in the tables the first time each specific name 
appears. 
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TABLE 1 

Data for Chestnut Oak—Black Vine Community with Stratification (S) f Abundance (A), 
Coverage (C), Frequency ( V ), Presence ( V ), and Constance {Co) 
for each species 


Species 

S 

A 

U 

F 

P 

Co 

Usually found in upperstorv: 

Quercus montana Willd. 

5, 4, 3 

5 

o 

97 

100 

5 

Finns rigida Mill. 

r>, 4, a 

5 

o 

96 

100 

5 

Quercus coccinea Muench. 

5,4,3 

3 

I 

42 

64 

3 

Finus virginiana Mill. 

5. 4, 3 

o 

“ 

0 

17 

36 

*> 

Fin us pungens Lam. 

5,4.3 

*> 

« 

18 

64 

‘ 1 

Quercus velutina Lain. 

5,4 

«> 

0 

9 

36 

1 

Quercus alba L. 

5,4 

? 

0 

6 

18 

1 

Finus echinata Mill. 

5, 4 

1 

0 


18 

1 

Liriodendron tulipifera L. 

5. 4. 3 

1 

0 

1 

18 

1 

Usually found in understorv: 

Quercus marilandica Muench. 

4, 5, 3 

4 

1 

84 

100 

5 

Oxydendrum arboreum ( L.) DC. 

4,3,5 

4 

1 

94 

01 

5 

Xyssa siflvatica Marsh. 

4,3,5 

4 

« 

87 

loo 

4 

Robinia pseudo-acacia L. 

4,2.5 


1 

44 

100 

3 

Sassafras albidu m ( Xutt .) Xet*s 

4. 3, 2 

.» 

0 

51 

82 

3 

Acer rubrum L. 

4. 3, 5 

o 

1 

39 

82 

3 

Carya alba (L.) Koch, C. glabra 
(Mill.) Spaeh., C. pallida (Ashe) 
Rarg. 

4, 3, 5 


(1 

30 

73 


Castawa dentata (Marsh.) Borkh. 

4,3 

o 

o 

34 

64 


Hamamelis virgin iana L. 

4. 3 

1 

n 

ti 

36 

1 

Amelanchier canadensis ( L.) Medic. 

*1 

1 

0 

4 

_ i 

1 

Quercus borealis Michx. var. maxima 
(Marsh.) Ashe 

4 

l 

n ! 

1 

IS 

1 

Shrub layer: 

Vaccinium spp. 

2. 3 

5 

1 

99 

loo 

5 

Kalmia latifolia L. 

3 1 

4 

2 

84 

loo 

5 

Folycodium stamineum i L.) (ireeiie 

3, 2 

2 

1 

45 

82 

3 

Azalea nudiflora L. 

•>, L 

•» 

1 

33 

82 

*» 

Gayl ussacia baccata (Wang.) K. Koch. 

2, 3 

.* 

1 

40 

73 

2 

Diospyros virgin iana L. 

3, 4 


0 

32 

82 

1 

Epigaea repens L. 

1 

•> 

0 

23 

55 

1 

Hex montana (T. and (i.) Dray 

3 

1 

0 

17 

45 

1 

Ceanothns americanus L. 

3, 2 

l , 

o 

12 ; 

36 


Quercus ilicifolia Wang. 

3 

1 

n 

lo 

36 

1 

Lyonia ligustrina (L.) IK'. 

3 

1 

it 

*t 

36 

1 

Comptonia prregnna (L.) Coult. 

o 

1 

o 

9 

36 

1 

Robinia hispida L. 

•) 

•> 

n 

8 

36 

1 

Rhododendron cataubicnse Michx. 

•» 

• > 

I 

0 ; 

9 

27 

1 

Rub us spp. 

3, 2 

1 

0 

6 

27 

1 

Rhus copallina L. 

3 

1 

0 ! 

11 ‘ 

18 


Galax aphylla L. ; 

1 

1 

0 j 

i 

4 ! 

18 

1 

Rhododendron maximum L. ; 

4 

I 

o i 

•i i 

18 ! 


Rhus glabra L. 

V 

J 

o ! 

2 j 

18 


Castanea pumila (L.) Mill. 

*1 

o 

1 

0 j 

5 j 

9 ; 


Woody vines: 

Smilax rotundifolia L. 

3, 2. 4 

i 

3 

1 

< 

65 

| 

100 

4 

Fit is aestivalis Michx. and f\ cordi- 
folia Michx. 

4,3 

1 I 

1 

i 

o | 

i 

1 

1 j 

18 

1 
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TABLE 1 (Continued) 


Speed oh 

8 

A 

pj 

F 

P 

Co 

Herbs: 

Andropoyon sco pari its Miclix. and A. 
riryinicuH L. 

o 

4 

l 

89 

100 

5 

Pteridium ayuitinum (L.) Kuhn, 2 
var. 

2 

3 

i 

75 

1(1(1 

4 

('hrysopsis yraminifotia Nutt. var. 
aspera (Shuttlcw.) (Irav 

2 

o 

0 

07 

100 

4 

Panicum 8pp. 

2 

2 

0 

00 

100 

3 

Leguininosae spr 

2 

3 

l 

05 

91 

3 

Solidayo «pp. 

»» 

2 

0 

6l> 

9J 

3 

Trphrosia viryiniana ( L.) Per«. 

o 

3 

] 

a* 

91 

3 

Coreopsis major Walt. 

2 

2 

0 

58 

82 

3 

If irracium vrnosnm L. 

2 

o 

0 

48 

100 

o 

Ins vrrna L. 

»> 

2 ' 


10 

45 . 

2 

St riocarpus asleroidrs (L.) BSP. 

o 

T j 


12 

55 

1 

Jtaptisia tinetoria ( L.; K. Hr. 

o 

i i 


17 

45 

1 

lioustonia tetunfolia Nutt. 

.» 

•> i 

0 

30 , 

45 ' 

1 

Pott ntilia spp. 

2, 1 

i 1 


9 1 

34 

1 

7 /ypoxis hirsuta ( L. > Coville 

•» 

i i 


r> 

27 

1 

Viola 8pp. 

•» 

i ! 


4 i 

27 

1 

Cltimaphila macutata < L.) Pursh 

.» 

i 1 

(1 

5 

27 

1 

Sdplmtm com posit it m Miehx. 

o 

i 

0 

5 ; 

27 • 

3 

Euphorbia corollata L. 

.> 

i 

o 

5 : 

18 , 

1 

OiUenui trifoliata fL.) Moeneh. 

*■> 



3 ! 

18 

1 

dramineae sp. 

o 

i 

ii 

o 

is ; 

1 

.lunalaria spp. 

»> 

i 

<1 

I 

18 i 

! 1 

Smilaruw ran mosu ( L.) Desf. 

»> 

! i 

0 

1 « 

18 | 

I 1 

< 'ompositae spp. 

•) 

l 

0 

" ! 

9 

3 


Noth: The* following speeies occurred in only out 1 station and therefore have a eon- 
stance of two per cent and a presence of nine per cent: Ant* unaria sp.. A ratio spmosa L., 
-Isa rum sp., Aspfenium platyn* uron ( L.) Oakes, (rolnm i sp., Hy pop ttys amtrieana (DC.) 
Small. Osm undo nunamomea L.. Phoradt ndron flan sc* ii* (Pursh) Nutt., PolyyonaUnn 
biflorum (Walt.) Ell., Pot y podium virymianum L.. P*>Iyshchinn aerostwhnides (Miehx.) 
Schott., and Sayina th cumin w.s (Ell.) T. and (J. 

Sixteen additional species have a presence of more than 80 per cent, but 
only 8 of these have a cover value of as much as 1 per rent : Itobinia psi ado- 
acacia and .1(7 r rabraia in the understory; Polycodimn staimacaiiK Azalea 
aadiflora , and Simla jr rot midi folia among the shrubs; Ptuidium aqailiaam, 
Trph ms in rinjiaiaaa , and several other legumes among the herbs. Of this 
supplementary list, only Ptcridiaai aqailimnn , Sinihu mlmtdifolia . and the 
legumes have frequencies that average more than 50 per rent. 

Some oaks and pines in the upperstory appear to be dying, and a number 
of the older oaks are grotesquely gnarled. Of the upperstory species, chestnut 
oak is by far the most important in lesser strata. Blackjack oak seldom 
attains upperstory size but often occurs in dense stands. These two oaks 
dominate the understory and transgressive layers, with sour wood and black 
gum as important associates. Seedlings of both oaks are numerous, and black 
locust, though widely scattered in the understory, is often found among the 
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TABLE 2 

Data for Chestnut Oak—Heath Community with Stratification (S) y Abundance (A), 
Coverage (C) y Frequency (F), Presence ( P) y and Constance (Co) 
for each species 


Species 


Usually found in upperstory: 

Quercus montana . 

Finns rigida . 

Pinus pun gens . 

Quercus borealis var. maxima 

Usually found in understory: 

Nyssa sylvatica 
Castanea dentata 
Oxydcndrum arboreum 
Fobinia pseudo-acacia 
Acer rubrum 
Hamamelis virginiana 
Sassafras albidum 
Cary a spp. 

A melanchier canadensis 

Shrub layer: 

Kahnia latifolia 
Fhododendron catawbiense 
Vaecinium spp. 

Epigaea repens 
Gaylussacia baccata 
Lyonia ligustrina 
Galax aphyila 

Leucothoe recurva (Burkl.) A. Gray 
Quercus ilicifolia 
Poly cod iu m spp. 

Pieris floribunda (Pursli) Bentli. k 
Hook 

Azalea nudijlora 
Ilex montana 

Aronia melanocarpa (Mielix.) Ell. 
Comptonia peregrina 

Woody vine: 

Smilax rotundifolia 

Herbs: 

Pteridium aquilinum , 2 var. 

Solidago gpp. 

Andropogon spp. 

Chrysopsis graminifolia var. aspera 
Osmunda cinnamomea 
Iris verna 
Baptisia tinctoria 
Gramineae sp. 

Leguminosae spp. . „ 

Panicum sp. 

Deschampsia flexuosa (L.) Trin. 

ChimaphUa maculata . * 

Polystichum acrostichoidcs . 

Seriocarpus asteroides 

Asarum sp* . 

Aureolaria spp. 


8 

A 

c 

F 

P 

Co 

5,4 

5 

1 

91 

loo 

5 

5, 4 

4 

1 

69 

88 

4 

5, 4, 3 

0 

<1 

17 

25 

2 

5, 3 

T 

0 

27 

38 

1 

4, 3 

3 

1 

61 

100 

4 

4,3 

3 

l 

80 

88 

4 

4, 3, 5 

3 

1 

69 

88 

4 

4,2 

0 

0 

63 

88 

3 

4, 3 

0 

(» 

56 

75 

3 

4, 3 

0 

0 

54 

i;» 

3 

4,3 

3 

1 

48 

75 

3 

4 

1 

0 

27 

38 

1 

4 

1 

o 

13 

25 

1 

3,4 

5 

0 

100 

100 

5 

3,4 

4 

i 

83 

100 

5 

3, 2 

4 

l 

71 

100 

5 

1 

3 

i 

76 

loo 

4 

3.2 

4 

l 

72 

loo 

4 

3 

0 

0 

52 

75 

3 

1 

3 

1 

45 

75 

3 

3 

0 

0 

35 

7 5 

0 

3 

0 

n 

35 

75 

0 

3 

2 

! 

n 

30 

63 

0 

3 

i ° 

1 

21 

25 

0 

3 

' 2 

0 

25 

38 

1 

3 

1 

0 

J 7 

38 

1 

3 

1 

0 

14 

38 

1 

.» 

1 

0 

10 

25 

1 

3 

0 

0 

27 

50 

0 

o 

* 2 

0 

44 

75 

3 

0 

0 

<1 

46 

88 

0 

o 

i 2 

0 

43 

5* 

1 

o 

1 1 

0 

23 

38 

1 

0 

* 0 

0 

21 

38 

1 

»> 

T 

0 

23 

38 

1 

2 

1 

0 

23 

25 

l 

0 

1 

0 

17 

25 

1 

2 

1 

0 

17 

25 

1 

2 

1 

0 

17 

23 

1 

o 

1 

0 

16 

25 

1 

0 

1 

0 

14 

25 

1 

o 

1 

0 

14 

25 

1 

2 

1 

0 

13 

25 

1 

2 

1 

0 

10 

25 

1 

2 

1 

0 

10 

25 

1 
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TABLE 2 ( Continued) 


Hpeciea 

S 

A 

C 

F 

P 

Co 

Paronychia argyrocoma (Miclix.) 

Nutt. 

| 2 

1 

0 

10 

25 

1 

Polypodium Virginianum 

' 2 

1 

0 

10 

25 

1 

Gillenia trifoliata . . 

o 

1 

0 

6 

25 

1 

Dioscorca glauca Muhl. 

! 5 

1 

0 

8 

13 

1 


Note: The following species occurred in only one station and therefore have a Con¬ 
stance of five per cent and a presence of thirteen per cent: Asplenium platyncuron , 
Athyrium axplenioidex (Michx.) Desv., Dioapyros virginiana , Euphorbia corollata, Good - 
yera pvbescens R. Br., 11 each era sp., Hieracium venosinn , Ilomtonia ienuifolia, Hydrangea 
arborcjiccns L., IJriodendron tulipifera , Polygonatum biflorum , Pyrus malm L. t Querciut 
eoccinca, Qucrcus marilandica , Smilacina race mom, Stcironema inlermedium Kearney, 
Tephrosia rirginiana f and Viola pedata L. 

seedlings. Sassafras is important in the understory on the higher south slopes. 
Although colonies of young pines frequently occur in openings, pine, when 
the entire area is considered, is of less importance in the lower strata than 
are the hardwoods. The shrub layer is composed chiefly of huckleberries, 
laurel, and transgressives. It seems to be better developed on north-facing 
than on south-facing slopes, and its importance also increases with altitude. 
Scattered herbs are present everywhere except in the dense stands of black¬ 
jack oaks. 

The greatest variation in the community occurs in the triangular area 
that lies between Grindstone Ridge and The Ledge. Here scarlet oak not only 
replaces blackjack oak but in places almost crowds out chestnut oak and pine. 
Since the area concerned is small, and since the subordinate species are not 
different, this evidently constitutes a local variation of the chestnut oak— 
black pine community. 

Minor local variations are related to more favorable moisture conditions. 
In such places service berry, rhododendron, mountain holly, bear oak, galax, 
and cinnamon fern may be found, while the usual shrubs are larger and more 
abundant. In crevices and pockets on the rock cliffs that form the sides of 
the two pinnacles and The Ledge, are found certain species that are seldom 
seen elsewhere on the mountain: namely, Asplenium montanum Willd., 
Ilnichcra purriflora Bartl. var. fypica R., B. and L„ Sophia decumbens , 
and Paronychia a r gyro coma. Along with these are various other plants, even 
dwarf trees. 

Chestnut Oak—Heath. The chestnut oak—heath extends along both 
east and north-facing slopes immediately below The Knob but reaches its 
best development at the north base and down a shallow ravine on the north 
side (fig. 1). Although scattered ericads may be present in the shrub layer 
at lower altitudes, their occurrence in thickets is infrequent below an eleva¬ 
tion of 1900 feet. The ravine on the north is an exception, for there the heath 
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thicket extends downward almost 200 feet farther than its usual limit. 
Throughout most of the area occupied by this communit}* the slope is steep 
and rocky, with thin soil and litter only in spots. 

Vegetational statistics were secured from 20 stations distributed along 8 
4 * transects. ’ ’ The data (table 2) show that the constants, in order of their 
decreasing abundance and frequency are: Kalmia latifolia, Quercus mon- 
tana■, Rhododendron catawhiense , and species of Vaccinium. The first three 
are the only species in this community with average frequencies of over 80 
per cent, but each constant has a presence of 100 per cent. Since the shrubs 
are more abundant than the trees and have a greater coverage, in places 
approaching 100 per cent, and since 7 of the 12 shrubs that have frequencies 
of more than 20 per cent are ericads; the name “chestnut oak—heath” 
seems most appropriate for the community. 

In general, the physiognomy is that of dwarfed, widely spaced trees 
above a dense thicket of shrubs and trees that are scarcely taller than the 
shrubs. Chestnut oak is the dominant tree, but clusters of pine occur in 
places where the laurel and rhododendron are replaced by huckleberries. 
All the trees are of fair size at lower altitudes but rapidly decrease in num¬ 
ber, size, and quality as The Knob is approached. At the base of The Knob, 
the trees are dwarfed, and the shrubs are frequently from 8 to 12 feet high, 
while understory species are but slightly taller than the shrubs. This makes 
the three strata almost the same height. 

In the understorv is a greater number of chestnut sprouts than is found 
in any other community. Sourwood, black gum, and sassafras are fairly 
abundant. Transgressives and seedlings of tree species are found in openimr* 
only, but seedlings of the shrub species are fairly abundant everywhere. 
The larger rocks form practically the only bare places, and even these are 
often partially or entirely obscured by the ericads. Laurel and rhododendron 
grow in clumps with many sprouts from the roots. Where these clumps are 
close together a true thicket is formed; where they are more widely spaced 
the other shrubs are usually as dense but not so tall as these two species. 
Bear oak forms its own thickets, which arc evenly distributed through the 
upper altitudes. Huckleberries cover whatever space is left bet ween tin* 
other shrubs and fill all openings in the thickets. Beneath all else is a carpet 
of galax or, at lower altitudes, trailing arbutus. Bracken fern is found here 
and there, but herbs are of little importance except in the paths. 

Altitudinal zonation is apparent in the distribution of the shrubby 
plants of the community. The number of shrub species increases upward. At 
lower altitudes, varying frbm about 1725 feet in the north ravine to 1950 
feet on the east, azalea, laurel, and huckleberries are the most important 
shrubs. Rhododendron and trailing arbutus enter at slightly higher alti¬ 
tudes; galax becomes abundant about 100 feet above the first colonies of 
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arbutus; and bear oak occurs still higher on the slope. Four species are found 
only in the chestnut oak—heath. Levcothoe recurva occurs for a short dis¬ 
tance below The Knob, but Fieris floribunda, Vactinium corymbosum L. var. 
pallidum (Ait.) Gray and Aronia melanocarpa are limited to the north 
base of The Knob and to its top. The Pieris is so abundant around the north¬ 
west base of The Knob that it is dominant, with a coverage of over 50 per 
cent. 

Oak-Hickory Forest. This forest occupies middle slopes on the eastern 
half of the mountain and most ravines on all exposures. On the south-facing 
slopes, the transition from the lower mixed forest to oak-hickorv coincides 
with a sudden increase in degree of slope at an altitude of about 1500 feet. 
The upper limit on this side is an abrupt transition to the chestnut oak— 
black pine community at about 1800 feet. On the east and north, the com¬ 
munity extends from the chestnut oak—heath downward almost to the base 
of the mountain, where it is interrupted by agricultural land. 

The topography is variable. Included are several flats, and drainage lines 
range from slight-depressions to steep-walled ravines. In some areas the soil 
is deep and is rich in humus; in others, there are piles of nearly bare rock. 

The diversity of conditions is reflected in the large number of species, 
140 in all, listed from the 61 stations in 13 stands (table 3). Itobinia pseudo¬ 
acacia , with a frequency of 94 per cent, is the only constant; but Yitis aesti¬ 
valis , which is the usual grape (frequency 80 per cent), probably deserves 
the same rating. When combined, oaks have a constancy of 95 per cent, and 
hickories of 90 per cent. Liriodvndron fulipifcra (frequency 80 per cent) is 
probably the most abundant single species in the community. It is local in 
occurrence, however, and cannot be considered a constant. An almost pure 
stand occupies about fifteen acres on Poplar Flat; the species is often domi¬ 
nant in the ravines; and small groups are scattered over the slopes, seem¬ 
ingly without design. In general, it is more common on south-facing slopes 
than on the east or rtorth. 

Among the oaks, chestnut oak is most important, having an abundance of 
4 and an average frequency of 73 per cent. It becomes the dominant species 
at higher altitudes, particularly on the east and north. There the oaks are 
regularly and widely spaced and attain their best development. Northern 
red oak (frequency 64 per cent) is usually found in moister sites, while white 
oak (frequency 62 per cent) is more abundant in drier sites. 

The understory is usually dense, and its most important species are trans- 
gressives that vary with the local dominants. Scattered among these, how¬ 
ever, are other species, whose identities also vary with the sites. Sourwood, 
red maple, chestnut sprouts, and dogwood are more abundant on the east 
and north-facing slopes than on the south. Black gum, black locust, and per- 
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TABLE 3 

Data for Oak—Hickory Community with Stratification (S), Abundance (A), Coverage 
(C), Frequency ( F ), Presence (P) } and Constance (Co) 
for each species 


Species 


Usually found in upperstorv: 

Carya spp. | 

Robinia pseudo-acacia . .. » 

Liriodendron tulipifera ! 

Quercus montana 
Quercus borealis var. maxima 
Quercus alba . . 

Juplans nigra L. 

Pin us rirginiana 

Quercus velutina ! 

Pin us rigida ! 

Pinus echinata \ 

Pyrus communis L. \ 

Usually found in understory: 

Xyssa sylvatica j 

Diospyros rirginiana . . f 

Oxydendrum arboreum 
Corn us fiorida L. j 

Acer rubrum 

Castanea den tat a j 

Fraxinus americana L. and F. hilt- j 

moreana Beadle * 

Cercis canadensis L. i 

Vlmus fulva Miehx. ! 

Morus rubra L. * ( 

Viburnum prunifolium L. 

Prunus serotina Ehrli. i 

i 

Shrub layer: 

Hydrangea arborescens 
Rub us spp. ; 

Rhus toxicodendron L. and var. 
radicans (L.) Torr. 

Sassafras albidum . J 

Azalea nudiflora j 

Ceanothus americanus j 

Kalmia latifolia 

Vacciniam vacillans Kalin J 

Chionanthus virginica L. ! 

Polycodium stamineum 
Viburnum acerifolium L. 

A In us rugosa (Ehrli.) Sprung. j 

Rhus copallina , [ 

Hamamelis rirginiana j 

Epigaea repens j 

Woody vines: j 

Vitis spp. ; 

Parthenocissus quingue folia (L.) 

Planch. . 

Smilax spp. 

Tecoma radicans (L.) Juss. 


s 

A j 

c 

F 

1 i* 

Co 

5, 4, 3 

1 4 

1 

97 

1 

i 100 

5 

5,4 

! 4 

1 

94 

100 

5 

3, 4, 3 

1 4 

1 

80 

! loo 

4 

5.4.3 

i 4 

1 

73 

1 100 

4 

5, 4, 3 

! 3 | 

1 

64 

100 

4 

5, 4, 3 

1 3 ! 

1 

1 62 

, 100 

3 

5, 4 

t *> ; 

0 

52 

92 

\ 3 

5, 4 

! 1 | 

0 

i 13 

46 

3 

5, 4 

! 1 ! 

0 

15 

54 

i 1 

5, 4 

1 1 i 

0 

11 

31 

; l 

5, 4 

1 1 : 

" 1 

| 7 

23 

| i 

3 

1 i 

0 

' 1 

| 

8 

1 

! 

4,5,3 

1 3 i 

i 

0 I 

! 

! 65 

Kill 

4 

4,3 

: i : 

: o ! 

; 48 

92 

: 3 

4, 3, 5 

i 

0 

53 

K5 

3 

4,5,2 

3 

0 | 

52 

85 

! 3 

4, 5 

2 

o ! 

50 

85 

; 3 

4,5 

f .» ( 

i 

0 | 

34 

70 

3 

4,5 j 

2 - 

1 

0 1 

5K 

62 

3 

4,5 1 

! •! 

o ! 

35 

62 

», 

4,5 

2 

(I ! 

1 «>«* 

46 

2 

4, 3 

; l 

n j 

IT 

38 

1 

4 

l 

1 

7 

38 

1 

4,3 

1 

u i 

5 

23 

1 

3,2 

3 ! 

1 

53 

7(> 

4 

3.2 

o i 

n 

39 

92 

3 

2,3 

2 ! 

it 

39 

77 

*» 

3, 2 

i O 

0 

24 

62 

o 

3 

o 

0 

31 

54 

t. 

2, 3 

1 ' 

0 | 

! i« 

62 

i 

3, 2 

1 

l> ! 

19 

46 

i 

2, 3 , 

o 

; o i 

OO 

58 

, l 

3,4 ! 

1 i 

; o ! 

1 n 

31 

: i 

3 

1 j 

0 

6 

31 

i 

3 i 

i 1 

! ii 

8 

23 i 

i i 

.3 1 

i ! 

0 

4 

15 ! 

1 i 

3 i 

l ! 

0 

4 

, 15 i 

; i 

3 i 

t i 

0 

5 

‘ 8 

1 i 

1 

i i 

| | 

0 

i 1 

: H ! 

1 « 

4,1,3,5 

) 

3 ! 

; j 

1 

! 

80 

* j 

loo 

5 

1,3,4 ' 

3 i 

1 

67 

: ioo 

4 

2,4,3 ; 


0 

24 

62 

o 

3,2,4 

i ! 

! 

0 

6 

j 23 

1 
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Species 

8 

A 

c 

F 

p 

Co 

Herbs: 

Cimici/uya rare mom (L.) Nutt. .. .. 

2 

3 

1 ! 

67 

100 

4 

Leguminosue spp. 

2 

3 

0 i 

65 

100 i 

4 

Galium spp. . . . 

2 

3 

0 1 

58 

1 100 

4 

Polyslichum arras tickaides 

2 

3 

1 i 

65 ’ 

; ss 

4 

Panicum spp. . 

2 

2 

0 

50 

92 

3 

Viola s]>p. 

o 

2 

o | 

49 

92 

3 

Arisaema IriphyUum (L.) Schott 

2 

3 

l 

57 

85 

3 

Compositae spp. 

2 

2 

i i 

48 

| 85 

3 

11 euclie ra spp. 

o 

2 

0 

39 

85 

3 

Smilacina race mom . 

2 

o 

0 

51 

77 

! 3 

Asplmium platynenron 

2 

2 

0 

36 

92 

2 

Trillium cattsbaei Ell. 

o 

2 

0 

32 

92 

2 

Chimaphila macnlata 

2 ; 

o j 

0 

39 

85 

2 

liotrychium viryintanutn (L.) Sw. 

«> • 

2 

! o 

31 

85 

o 

Sol id ay a spp. 

2 

2 1 

<> 

34 

/1 

2 

Euphorbia corollata 

o 

o 1 

0 

29 

77 

2 

Coreopsis major 

o 

1 

0 

! 21 

77 

2 

Sanyumaria canadensis L. 

2 ! 

o 

1 

30 

62 

2 

Vvulana perfoliata L. and F. scssili • 
fnha L. 

o 

2 

0 

i 

28 j 

62 

2 

J)iosc<trca ft la uca 

o 

o 

0 

25 j 

62 

O 

+d 

Circaea latifolia Hill 

! 2 : 

o 

0 

24 j 

62 

2 

Sanicula canadensis L. 

2 i 

1 

0 

24 ; 

62 

2 

Adiantum pedalum L. 

*> ; 

o 

: 0 

23 1 

62 

2 

Andropopon spp. 

2 j 

2 

» 1 

23 

54 

i 

Athyrium asplenioides 

2 I 

o 

0 

20 

70 

1 

Pterulium aquilinum , 2 var. 

2 i 

1 

0 

17 

54 

1 

Jlieracium venosum 

o 

1 

0 

15 

54 

1 

(Iramineae spp. 1 

2 

1 i 

0 

14 

54 

1 

Pro m us pur (tans L. j 

2 

2 1 

0 

23 

46 

1 

Jmpatiens biflora Walt. ; 

*> 

o 

(1 

16 

46 

1 

floustonia lenuifolia j 

2 

T 

0 

34 

46 

1 

Aprimonia spp. ! 

o 

i 

u 

12 

46 

1 

Phryma leptostachya L. i 

2 

i l 

0 

I 11 

46 

1 

Aruncus dioicus (Walt.) Fernald 

o 

1 ; 

0 

9 

38 

j 1 

Antes naria spp. 

2 

; i I 

! 0 

12 i 

31 

1 

Silene viryinica L. 

2 

! 1 ! 

0 

7 

31 

! 1 

Thalictrum nndutum DC. 

o 

1 

0 

7 

31 

1 

Phytolacca amvricana L. j 

o 

1 

0 

5 

31 

1 

Osmuuda cinnamomea \ 

o 

1 

0 

10 , 

23 

1 

Anemotu viryiniana L. ] 

2 

1 

0 

9 

23 

1 

Eriyrron ramosus (Walt.) BSP. i 

2 

1 

0 

9 t 

23 

1 

Scutellaria ovahfolia Pers. 

»> 

1 

0 

9 

23 

1 

Ambrosia elatior L. .. 1 

! 2 

1 

0 

t 7 | 

23 

1 

Aureolaria spp. 

o 

1 

0 ; 

7 

23 

1 

Chrysopsis yraminifolia var. asprr 

o 

1 

0 

7 

23 

1 

Druopteris hexaqonoptera (Miehx.) 

0. Chr. 

o 

1 

0 

1 

7 

23 

1 

Iris verna . 

2 

i ! 

0 

a . 

23 

1 

Wood nia oh turn (Spreng.) Torr. | 

2 

l 

0 

6 ! 

23 

1 
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Species 

8 

A 

c 

F 

P 

Oo 

Oxalis europaea Jordan var. bushii 
Small . 

2 

1 

0 

5 

23 

1 

Steironema intermedium . 

o 

1 

0 

5 

23 

1 

Athyrium fhelyptoroides (Miehx.) 

Desv. 

2 

1 

0 

8 

15 

1 

Podophyllum pelt at am L. 

o 

1 

0 

7 

15 

1 

Hypoxis hirxuta . 

2 

1 

0 

6 

15 

1 

Silphium compositum . . 

o 

1 

0 

5 

15 

1 

Pycnanthemnm 9p. . 

o 

1 

0 

4 

15 

l 

Carex sp. 

2 

1 

0 

3 

15 

1 

Gillenia trifoliata 

2 


0 

3 

15 

1 

Goodyera pubescent* 

2 


0 

3 

15 

1 

Hypericum sp. 

o 

1 

0 

3 

15 

1 

Lilium carotinianum Miehx. 

o 

1 

(i 

3 

15 

l 

Lobelia spicata I^ani. 

2 

1 

0 

3 

15 

1 

Deschampxia flexitosa 

»> 

1 

0 

3 

8 

1 

Fragaria virgin iana Duchesne 

2 

1 

0 

3 

8 

1 

Oenothera fruticoxa L. 

o 

1 

0 

3 

8 

1 

Polypodium polypodioides (L.) 

Hitehc. 

< 

> 

2 i 

1 

0 . 

3 

8 

1 

Saxifraga vtrginienxix Miehx. 

*> 

~ * 

1 

0 

3 

H 

1 


Note: The following species occurred in only one site and therefore have a constancy 
of two per cent and presence of eight |>er cent: Asfmum sp., Asclvpias tub* rota L., 
Ascyrum hypericoides L., Baptisia tinetoria . Benzoin mutilate (L.) Nees, Brtuta nigra 
L., Clematis sp., Dennxtaedtia punctilobula (Miehx.) Moore, Dryopterix marginal** \ L. > 
A. Gray, Elephant opus foment onus L., Enpatorium album L., Geum virginianum I*., 
JJypopitys americana , Hex Montana . Ipomoea «[>., Juniperus virgintana L. T Lyonia Upas 
Irina , Luzula echinata (Small) Hermann; Phoradendron flnrescens; I mux xtrobux L., 
Plantago lanceolate L., Polygonatum bifloram , Polypodium Virginian urn. Primus perswa 
(It.) Stokes, Burner obtuxifotiux L„ Satur nigra Marsh., Schrankm angnxtuta T. and G., 
Scleria triglomerata Miehx., Taraxacum palnstre (Lyons > Lam. and D<\ var. vulgar* 
(Lam.) Fern., Tephrosia virgmiana , Verbaseum thapxux L. 

simmon are rather evenly distributed. On the east and north, red bud is 
more often found in ravines, while on the south it is more frequent on the 
slopes. 

Except for transgressives and woody vines, the shrub layer is not well 
developed. Chestnut oak seems to be the most abundant tree species among 
both transgressives and seedlings. The other oaks and the hiekories are also 
abundant in these strata, and seedlings of all the imjmrtant hardwoods an* 
present. It is the vroodv vines, however, that give the community its greatest 
unity. Grape and Virginia creeper are almost never seen outside the borders 
of the oak-hickorv forest; but within it the presenee of one or the other, or 
both, is 93 per cent (57 of 61 stations). 

The herb layer is especially jich and varied, herbs being fairly numerous 
even in the most rocky places. On the moist flats and in those ravines in 
which the litter is not too thick, this stratum accounts for more than 75 per 
cent of the cover. The most widely and evenly distributed species is Citni- 
cifuga racemosa , which has a frequency of 67 per cent. Arixaema triphyllum , 
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Smilacina raccmosa , Galium spp., and species of legumes are important in 
moister sites. Perns are abundant except in the driest sites. Though Poly - 
stichum axrostichoides (frequency 65 per cent) is the most uniformly dis¬ 
tributed fern, other species frequently occur and often form fairly large 
colonies. On Poplar Flat and at lower altitudes on the south-facing slopes, a 
few species of composites dominate the herbaceous layer. The most impor¬ 
tant of these are Polymnia canadensis L., P. uvedalia L., Verbesina occiden- 
talis (L.) Walt., Parthenium integrifolium L., and Helianthus atrarubens L. 

Mixed Forest. Although interrupted by fields, orchards, pastures, and 
sites from which fire wood is cut each year, the mixed forest found near the 
base of the mountain (fig. 1) is not entirely a product of these disturbances. 
It is therefore included as a community. The soil is very stony and contains 
little humus. The slope is gradual, with broad, rounded ridges that are dis¬ 
sected by winding ravines. 

Data from 16 stations taken from 5 stands (table 4) show that six of the 
seven constants are found in the upperstory, dwarfed Yaccinium vacillans 
being the seventh ( frequency 76 per cent). All other shrubs have frequencies 
of less than 50 per cent. Constants among the trees are Quercus montana 
(frequency 00 per cent), species of Varya (combined frequency 93 per cent), 
Pinus rirginiana (frequency 89 per cent), Quercus alba (frequency 89 per 
cent). Quercus vclutina (frequency 83 per cent), and Robinia pseudo-acacia 
(frequency 79 per cent). Quercus montana is the only species in this com¬ 
munity with an abundance value of 5. Xyssa sylvatica and Oxydendrum 
arborcum , with frequencies of 70 per cent, and Quercus marilamlica (fre¬ 
quency 56 per cent) are the only other trees of importance. A few herbs have 
relatively high frequencies (50 to 75 per cent), but all are so widely spaced 
that their coverage is always less than 1 per cent. 

The physiognomy is typical of dry, wooded hillsides in the upper Pied¬ 
mont and offers a decided contrast to the richer oak-hickorv forest higher up 
the slopes. Except for a few pines in openings, most species in the understorv 
are hardwoods. Seedlings are chiefly oaks and hickories. 

Top of the Knob. About one acre of comparatively flat land is found 
on top of The Knob. This is covered with large, angular slabs of quartzite. 
In the almost flat central area, chestnut oak is clearly dominant, but near the 
edge of the cliff this species is replaced by pine. Pinus pungens is most abun¬ 
dant at the very margin, while Pinus rigida occurs a little farther from the 
rim. Oxydendrum arborcum , Xyssa sylvatica , Acer rub rum , Quercus borealis 
var. maxima , and Robinia pseudo-acacia are present in the understory. 

The shrub layer of the central area is dominated by erieads. On the west 
and north is a heath thicket in which the most important species, in order of 
their decreasing abundance, are: Pieris floribunda , Kalmia 1atifolia 9 Rhodo - 
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TABLE 4 


Data for Mixed Forest with Stratification (&), Abundance ( A ), Coverage (C) y Frequency 
(F), Presence (P), and Constance (Co) for each species 


Species 

8 

! A 

C 

F 

p 

Co 

Usually found in upperstory: 







Carya spp. 

1 5,4,3 

4 

1 

93 

100 

5 

Quercus montana 

! 5,4.3 

5 

1 

90 

100 

5 

Finns virginiana . .. 

! 5,4,3 

4 

1 

89 

100 

5 

Quercus alba . 

| 5,4,3 

4 

1 

89 

100 

5 

Quercus velutina 

! 5,4 

3 

1 

83 

100 

i » 

Robinia pseudo-acacia .. . 

! 5,4,3 

3 

0 

79 

100 

. 5 

Quercus marilandica 

| 3,4 

3 

1 

50 

GO 

! 4 

Liriodendron tulipifera 

; 5,4 

1 

! o 

30 

80 

! »> 

Pin us rigida 

; 5 

o 

1 0 

25 

00 

»> 

Finns echinata 

3, 4 

»> 

(» 

20 

oo 

T 

Quercus borealis var. maxima 

5,4 

2 

0 

17 

00 

1 

Quercus stellata Wang. 

5, 4 

1 

0 

17 

40 

1 

Quercus coccinea 

5,4 

1 

0 

i »■ 

40 

' 1 

Usually found in understory: 

Xyssa sylvatica 

4.5,3 

! 4 ! 

1 

: 

-1 

100 

4 

Oxydendrum arbor rum 

4,3,5 

3 j 

1 

70 

100 | 

4 

Acer rubrum . . 

4,5 

1 f 

0 

38 

100 | 

1 *> 

Diospyros virginiana 

4,3 

' 1 ! 

0 

31 

00 ! 

j 

♦> 

Morns rubra 

4 

i 

0 

17 

40 i 

1 

Corn us florida 

4.3 

i 

0 

20 

; 20 

1 

Shrub layer: 

Vaccinium racillans . 

2.3 

! 

3 ! 

1 

70 

i 

MM 

5 

Rhus toxicodendron 

2. 3 

•1 

0 

49 

HO 

♦» 

Ceanothus americanus 

O 

- *» 

o ; 

35 , 

00 

3 

Rubus spp. 

t) 

•» 

0 

40 

HO 

»» 

Sassafras albidum 

3,4.2 

1 

a 

23 ; 

00 

«■* 

Rhus copallina 

1 3 

1 

0 

13 ! 

40 

1 

Kalmia latifolia 

3 

1 

0 

11 

40 

1 

Hydrangea arborescens j 

.» 

1 

0 

13 : 

20 

1 

Azalea nudiflora 

3 

O 

0 

4 ; 

2o 

1 

1 

Woody vines: 




1 

i 

i 


Parthenocissus quinquefolio 

5, 1 

.) 

0 

27 j 

! *0 

1 

Vitis aestivalis Miohx. 

4,1 

[ 1 » 

0 

18 

40 

1 

Smilax rot undifolia 

2 

! 1 

0 

10 | 

| 40 

1 

Herbs: 

Leguminosae spp. 

i 

2 

3 

0 ! 

73 

100 

4 

Andropogon spp. 

( 4> 

*» 

0 

03 

loo 

4 

Panicum spp. . . . 

2 


0 

02 

! 100 

4 

Solidago spp. 

i 2 

i i 

2 

t 

0 

59 

loo 

4 

Hieracium venosum . 

, 

1 o 

i 

i o 

0 

43 

oo 

3 

Chrysopsis graminifolia var. asper 

£ 

2 

0 

39 

00 

3 

Houstonia tenuifolia 

I o 

•> ! 

0 f 

30 

00 

3 

Chimaphila maculata .. 

o 

O I 

** } 

o 

35 ; 

80 

•> 

Tephrosia virginiana 

2 

2 ; 

0 

28 

Oo 

V* 

Coreopsis major 

o 

i 

0 ; 

24 j 

oo 

•1 

Gramineae spp. . 

o 

i 

0 i 

23 ; 

00 

! 

Composit&e spp. 

2 

i 1 

i 

o ! 

27 I 

40 

i 
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TABLE 4 ( Continued) 


Species 

S 

A 

0 

F 

P 

Co 

Antennaria spp. . 

o 

2 

0 

19 

40 

1 

Fteridium aquilinum , 2 var. 

o 

1 

0 

13 

40 

1 

Seriocarpus asteroides .. . 

o 

1 

0 

13 

40 

1 

Tripsacum dactylouhs L. . 

2 

1 

0 

20 

20 

1 

Steimnema intermedium . 

2 

i ** I 

1 j 

0 

13 

20 

1 


Notk: Each of the following species occurred in only one station and therefore had a 
Constance of six per cent and presence of twenty per cent: Ainus rugosa , Amelanchier 
canadensis, AxcU' t .iax tuberosa , Aureolaria virginica (L.), Farw., Baptism tinctoria. 
Cant aura dentata, Cimicifuga racemosa , Dioscuri’a glauca, Euphorbia eorollata , Frag aria 
rirginiana , Fraxinus sp., Galium sp., Gaylussaeia baccata, Gramincac sp., Heuchcra ameri- 
cana L., II y pox is hirsute , Ilex opaca Ait., J u plans nigra , Plantago lanceolata , Polystichnm 
(icrost ichoithx , Potent ilia sp., Rhododendron catawbiense , Schranlcia angustata, Scleria 
triglomi rata, Tceoma rad icons. Viburnum pr uni folium, Vlmus fulva, Prunus persica. 

dendron catawbiense , Smilax rotundifolia, and Yaccinium corymbosum var. 
pallidum. Finis disappears along the east rim, being replaced by Rhodo¬ 
dendron catawbiense . Here the thicket is tall and, in addition to the rhodo¬ 
dendron and other species listed above, includes: Lcucothoc rccurva, Gaylus- 
sacia baccata , Yaccinium medians , and Ilamamclis rirginiana. Along the 
south rim the shrubs, chiefly huckleberries and laurel, are slightly less 
abundant. Herbs are scattered and of little importance except along the 
paths. 

DISCUSSION 

The Major Communities. Certain species are fairly abundant in all 
communities: namely, (Jut reus montana, Xyssa sylvatica, Yaccinium vacil- 
lans , O.rydcndntm arbornnn , and Robinia pseudo-acacia. Other species are 
present in all communities but in lesser numbers. These are, in order of their 
decreasing abundance: Finns riyida , Kalmia latifolia . Varya spp., Andro- 
pogon scoparius , Lcyuminosac spp.. Azalea nudiflora, Solidago spp., Quer- 
cus borealis var. maxima. Sassafras albidum , Panicum spp., Vhimaphila 
mandat a, Vhrysopsis gram ini folia, Fteridium aquilinum, Hicracium vc no¬ 
sum, JJoustonia fenuifolia , and Tephrosia rirginiana. 

The four major communities are thus related by a number of species 
common to all. At the same time, they differ in a number of respects, which 
were used as a basis of distinction. First, a comparison of their frequency 
diagrams (fig. 2) indicates certain differences in homogeneity. The oak-hick¬ 
ory forest has far more species but fewer constants than either of the other 
communities. As indicated by the diagram, it is the most heterogeneous of 
the communities. The chestnut oak—heath, with the fewest species, is the 
most homogeneous community. This results partly from the almost total ab¬ 
sence of an herb stratum. Although the chestnut oak—black pine forest has 
the largest number of species with average frequencies exceeding 80 per cent, 
its heterogeneity is exceeded only by that of the oak-hickory forest. 
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Differences are further emphasized by the restriction of certain species 
to single communities. Pa rth e n oc iss us quinque folia and V it is aestivalis are 
so widely distributed in the oak-hickory forest and so rare outside of it that 
they may almost be considered as its indicator species. J nylons nigra , Fvajri- 
nus spp., and Cercis canadensis are also limited to this community; as are 
certain woody species which are exclusive to the ravines: namely, limits 
fudva, Morns rubra , Viburnum pr uni folium , Prunns serotina , ('hionanthus 
virginica, Viburnum aeerifolium . Alnus ruyosa , and Tecoma radicans . A 



large number of mesophvtic herbs, including most of the ferns, arc limited 
to the oak-hickorv forest. Vaccinium corymbosum var. pallidum , Pit hs flori - 
bunda , and Leucothoe recnrret are exclusive to the chestnut oak—heath, 
while Rhododendron caiawbiense , Galas aphylla , and Quire us ilicifolia are 
rare outside of it. 

Although the chestnut oak—black pine and chestnut oak—heath commu¬ 
nities appear to be superficially similar, careful study reveals certain funda- 
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mental differences, because of which the two were treated as separate entities. 
In addition to differences already stated, there is a great variation in the 
stratification. In the chestnut oak—black pine community the understory 
trees constitute the densest stratum, while transgressives are very important 
in the shrub layer; in the chestnut oak—heath the shrub stratum is decidedly 
the most important layer, few transgressives are present, and the seedlings 
are almost entirely of shrub species. In the chestnut oak—black pine com¬ 
munity herbs are scattered but always present; in the chestnut oak—heath 
they are practically lacking except in paths and openings. In the oak-pine 
community black pine has essentially the same sociological values as chestnut 
oak and is generally and uniformly distributed throughout the forest; in the 
oak-heath, however, the pine largely occurs in small colonies, while oak is 
the general dominant. Furthermore, blackjack oak is a constant in the oak- 
pine community but is rare in the oak-heath. 

Relationships to Mountain and Piedmont Communities. Although 
now all removed, the original forest of the Piedmont was hardwood with 
some pine (Ousting 1942). The principal trees in the virgin forest of Surry 
County were white, red, post, and chestnut oaks, maple, hickory, sour wood, 
tulip poplar, and white and shortleaf pine, and second growth of the same 
species now covers about 60 per cent of the county (Davis and Goldston 
19.47). Strangely, chestnut is not mentioned. At present there are very few 
shortleaf pine and still fewer white pine in the vicinity of, or on. Pilot Moun¬ 
tain. Virginia pine is abundant, characteristically occurring in young, dense 
stands as it does elsewhere in the upper Piedmont. Older forests near the 
mountain are similar to the mixed forest around the base of The Pilot. 

Ashe (1922) described a hlack pine—chestnut oak—scarlet oak associa¬ 
tion as a forest type of the Appalachians found, in general, on north- and 
west-facing slopes in middle altitudes but, near its southern limits, confined 
to sandy or gravelly soils on northwest slopes at higher altitudes. This almost 
exactly describes the small area on Pilot Mountain in which scarlet oak is 
important. For lower crests Ashe lists Virginia pine, chestnut oak, table 
mountain pine, scrub oak | Quernis ilicifolia ?]. tulip poplar, and white 
hickory. All these species except tulip poplar occur on the summit of The 
Pilot, with black pine in addition. Ashe assigns chestnut oak to “stone-loving 
associations” and states that chestnut oak consociations are especially found 
on soils derived from sandstone and shale. The scrub oak he assigns to small 
areas in the mountains of Virginia, West Virginia, and Maryland, and 
northward on shallow soils derived from sandstone and shale. 

Cain (1930, 1931) describes certain communities of the Great Smoky 
Mountains, which he calls subclimax pine-heaths and which are very similar 
to the chestnut oak—heath on The Pilot. He attributes the heath balds of the 
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Smokies to a postclimax condition after landslide, windfall, or fire on sites 
in which ericads were abundant prior to burning. He also states that Kalmia 
latifolia, Rhododendron catawbiense, and species of Vaccinium are particu¬ 
larly resistant to fire. The associations he considered were on sandstone, 
sandstone conglomerate, quartzite, or slate, all of which produce inorgani¬ 
cally acid soils. Except for altitude, these conditions are duplicated on Pilot 
Mountain and are evidently responsible for the chestnut oak—heath, which, 
near the base of The Knob, approaches the structure of a heath bald. 

Thus the chestnut oak—black pine and chestnut oak—heath communi¬ 
ties are evidently more closely related to the vegetation of the mountains to 
the west than they are to that of the Piedmont. Although certain species of 
the oak-hickory forest are similar to those of the climax forest of the Pied¬ 
mont as given by Oosting (1942), the importance of chestnut oak and the 
presence of certain herbs more common to the mountains than to the Pied¬ 
mont indicate that this community is likewise related to the vegetation of 
the mountains. The fact that, except for the mixed forest of the base, the 
vegetation on Pilot Mountain is more closely related to that of the Appa¬ 
lachians than to that of the surrounding Piedmont may be partly explained 
by the obvious effect of altitude and partly by the rock formation and soil 
found on the mountain. Quartzite is uncommon in the Piedmont, and the 
Hartsells soil is similar to sandstone soils that are found in the southern 
Appalachians (Davis and Goldston 1937). 

Habitat Factors. As to habitat factors that may control the distribu¬ 
tion of the communities on Pilot Mountain, it is difficult to generalize. The 
chestnut oak—heath and and oak-hickory forest are usually present on steep 
slopes and flats; the chestnut oak—black pine community and mixed forest 
are found only on gently rounding slopes. Limitations in exposure and alti¬ 
tude have been pointed out in the descriptions of the communities. As to 
soils, the locations occupied by oak-hickory forest seem richest in humus. 
The north ravine down which the chestnut oak—heath extends and the 
ridges on either side comprise the single restricted area of Hanceville soil. 
The western half of the mountain seems more rocky than the eastern half, 
and the areas occupied by oak-hickory forest are, in general, less rocky than 
those above and below. The prevailing wind is from the southwest, and there¬ 
fore the east- and north-facing slopes offer the most protected sites. Most of 
the rain clouds also come from the southwest, but, probably because of the 
contour of the mountain, there appears to be more precipitation on the 
northeast slopes than elsewhere. Thus a combination of factors restricts the 
most favorable sites to the northeast and north slopes east of Grindstone 
Ridge. The areas on the southeast and south that are occupied by oak-hickorv 
forest appear to offer the next best conditions. Those occupied by the chest¬ 
nut oak—black pine community are, in general, relatively xeric. The least 
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favorable of all sites are those around the base that are occupied by the 
mixed forest. 

Disturbance. In addition to these continuously operating factors, a 
number of disturbances have influenced the extent and character of the vege¬ 
tation. Rock slides locally destroyed the plants in their paths; the chestnut 
was removed by blight and fire; lumbering activities were extensive through¬ 
out the lower altitudes; and much of the area in the lower altitudes was 
formerly cleared. The influence of all these factors is, however, dwarfed by 
that of fire. The frequent burnings, which persisted until the building of the 
toll road, probably eliminated several species, while favoring the increase 
of those that were able to reproduce by sucker sprouts. 

Succession and Modifying Factors. The oak-hickorv forest is repro¬ 
ducing itself without any noticeable change, as is indicated by the frequent 
lecurrence of its dominant species in the understory, transgressive, and 
seedling strata. It, is therefore a climax community in which chestnut oak is 
the most important single species; tulip poplar forms societies of varying 
size; and northern red oak, white oak, several hickories, and black locust are 
important associates. In parts of the mixed forest that have not been recently 
disturbed the abundant hardwoods of the lesser strata indicate that this com¬ 
munity is successional to the oak-hickory climax. 

Generalizations on the dynamics of the chestnut oak—black pine com¬ 
munity are complicated by the constant presence of pines in both understory 
and transgressive strata. The community is probably preclimax to the oak- 
hickorv association, being controlled by the xeric conditions imposed by the 
thin, rocky soil. Although chestnut oak and blackjack oak may increase in 
importance, pine will probably remain abundant indefinitely because of the 
numerous openings in which it may grow to maturity. The extreme rockiness 
of the surface and the thin veneer of soil lessen the chances that the canopy 
may become closed. The small area in which scarlet oak is dominant is obvi¬ 
ously a variant of the oak-hickory climax. Since pines are present in all 
strata, it has evidently not yet reached a climax condition. The chestnut 
oak—heath may be considered as a subclimax which is the result of repeated 
fires. Since seedlings of tree species are almost completely absent but shrubs 
are reproducing freely, the ericads will probably retain their present impor¬ 
tance for some time. 

A sawmill has recently been placed in the vicinity of The Pilot, and logs 
may be cut on the mountain itself. Such activities in the mixed forest should 
favor its retention in the present state. An increasing demand for lumber 
may cause the cutting of many of the trees in the oak-hickory forest, espe¬ 
cially in lower altitudes. Whether such activities will result in an upward 
extension of the mixed forest remains to be seen. Because of their poor 
quality, it is doubtful that many trees in the chestnut oak—black pine com- 
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munity will be cut except for fuel. The unsatisfactory agricultural useful¬ 
ness of the mountain has been amply demonstrated in the past. It is unlikely 
that any extensive clearing for cultivation will be attempted again, although 
the loam soils and the increased rainfall near the mountain will remain 
tempting to farmers. 

The effects of all these possibilities are minor when compared to what 
might result if fire wardens relax their watch, a not improbable happening 
under present conditions. Should serious fires occur, chestnut oak, blackjack 
oak, red maple, and those shrubs which, like the trees named, come up from 
sprouts after fire, could increase in importance. Pines, however, might be 
temporarily increased since, under similar conditions in the Piedmont, pines 
have been found to appear and to grow so rapidly that a mixed forest re¬ 
sulted (Oosting 1943). Laurel and related ericads are now important in the 
moister sites within the chestnut oak—black pine community, and fire might 
cause the physiognomy here to become more like that of the chestnut oak— 
heath. The generally dry conditions of the area, however, are unfavorable 
to laurel, and the community, as a whole, would likely return to something 
similar to that of the present. Previous fires are said to have reduced the 
number of pines in areas now occupied by the chestnut oak—heath, and fire 
might conceivably bring this community nearer to a true heath bald. All 
species now present on the mountain have survived numerous fires and 
probably none would entirely disappear because of another burning. 

summary 

1. A phytosoeiological survey of the vegetation on Pilot Mountain was 
made during the summers of 1941 and 1942. 

2. The Pilot is located in the southeastern corner of Surry County, North 
Carolina, and is the most southwestern outpost of the Sauratown Mountains. 
It rises nearly 1500 feet above the gently rolling plateau of the upper Pied¬ 
mont to an altitude of 2413 feet. Quartzite caps the mountain. The soil is 
chiefly Hartsells stony fine sandy loam and is derived from the underlying 
quartzite, a rock formation that is uncommon in the Piedmont. Lumbering, 
cultivation, disease, and insects have affected the vegetation, but the greatest 
disturbing influence has been that of fire. 

3. A statistical study was based on 158 sample areas, which wire spaced 
altitudinally along “transects” ascending nine slopes and eight ravines. 
The data are summarized for each of the four major communities: chestnut 
oak—black pine, chestnut oak—heath, oak-hickory, and mixed forest. 

4. The chestnut oak—black pine community covers the western half of 
the mountain and the higher southern slopes. Quercus montana and Finns 
rigida are the dominant species. Important associates are Quercus mari- 
landica, Oxydendrum arboreum, Nyssa sylvatica , Vaccinium vacillans, 
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Kalmia latifolia, and species of Andropogon. The community is probably 
preclimax to the oak-hickory association, being controlled by the xeric con¬ 
ditions imposed by the thin, rocky soil. 

5. The chestnut oak—heath is found on the higher north and east-facing 
slopes. Locally its structure approaches that of a true heath bald. Chestnut 
oak and small colonies of pines are found in a widely scattered upperstory 
above a dense thicket in which ericads predominate. The community is very 
similar to the pine-heaths of the southern Appalachians and may be con¬ 
sidered as a chestnut oak subclimax which is the result of repeated fires. 

0. The me^ophytic oak-hickory forest is a climax community found in 
the ravines and on the middle slopes of the eastern half of the mountain, 
Quercus mania m , Q. borealis var. maxima, Q. alba , Cary a spp., Robinia 
pseudo-acacia, Liriodendron lulipifcra, Vitis aestivalis, Parthenocissus 
quinqucfolia and a variety of herbs are important. 

7. The mixed forest is found around the base of the eastern half of the 
mountain. Quercus mantana , Pinas riryiniana, Q. alba , Q . velutina, Robinia 
pseudo-acacia , Nyssa sylvatica , Oxydcndrum arbor cum , and Q. marilandica 
are the most important tree species. The mixed forest is a late successional 
community which, if left undisturbed, should rapidly approach the oak- 
hickory climax. 

8. The mixed forest of the lower slopes is the only community definitely 
related to the vegetation of the upper Piedmont. All other communities show 
definite affinities to those of the southern Appalachians. This is probably 
related to similarities in soil and rock formation. 

Department ok Botany, Duke University 
Durham, North Carolina 

Literature Cited 

Ashe, W. W. 1922. Forest types of the Appalachians and White Mountains. Jour. Elisha 
Mitchell Soc. 37: 183-198. 

Cain, S. A. 1930. An ecological study of the heath balds of the Great Smoky Mountains. 
Butler TTniv. Hot. Studies 1: 177-208. 

-. 1931. Ecological studies of the vegetation of the Great Smoky Mountains 

of North Carolina and Tennessee. I. Soil reaction and plant distribution. Bot. 
Gaz. 91 : 22-41. 

-. 1932. Concerning certain phytosociological concepts. Ecol. Monogr. 2: 

475-505. 

Davis, W. A. & Goldston, E. F. 1937. Soil survey of Surrv Countv, North Carolina. 
U.S.D.A. Bull. Series 1932. No. 20. 31 pp. ‘ 

Oosting, H. J. 1942. An ecological analysis of the plant communities of Piedmont, North 
Carolina. Am. Midi. Nat. 28: 1-120. 

-. 1943. The comparative effect of surface and crown fire on the composition 

of a loblolly pine community. [In press.] 

Pratt, J. H. 1917. Altitudes in North Carolina. N. Carolina Geol. & Econ. Survey. Bull. 
27. 



BULLETIN OF THE TORREY BOTANICAL CLUB 


Vol. 71, No. 1, pp. 46-76 


January, 1944 


SUBCLIMAX PRAIRIE 1 

A. L. McComb and W. E. Loomis 2 

The causes for the formation and persistence of the prairie peninsula 
which covers Iowa, southern Minnesota, and Wisconsin, and northern Mis¬ 
souri, Illinois, and Indiana, have formed the basis for much controversial 
speculation. The prairies from central Iowa eastward were classed as sub¬ 
climax in the first edition of Weaver and Clements (43), but are shifted to 
climax in the second edition (1938), in which the entire peninsula is classed 
as a climax formation. This shift is in line with the stands of Shimek (32) 
and Transeau (38), but ignores much evidence that oak-hickory communities 
are capable of establishing and maintaining themselves on the most exposed 
sites and on most of the soils of Iowa, even though their rate of spread at 
many points may have seemed insignificantly slow. 

Gleason (12) has summarized the taxonomic and earlier geological evi¬ 
dence for the establishment of the prairie peninsula in a post-glacial, xero- 
thermic period of relatively recent date. Gleason cites invasion of the Illinois 
prairie, since grass fires have been controlled, at a rate which lie considers 
proof of a forest climate at the present time. Aikman (1) found forest 
spreading in eastern Nebraska although he considered it to be a postclimax 
associes. Sears (30, 31) has published a number of papers on pollen analyses 
from the eastern end of the prairie peninsula indicating a gradual rise in 
temperature during post-Wisconsin time with one or more dry or xero- 
thermic intervals, although pleistocene climate, except during glacial inter¬ 
vals, does not appear to have varied greatly from its present level. Simonson 
(33) has found buried soil profiles in Iowa which indicate that both soil¬ 
forming conditions and vegetation during the Sangamon inter-glacial period 
were similar to those that have prevailed during Peorian and recent times. 
Planosol profiles comparable to those currently present under grass (Put¬ 
nam) or under forest (Marion), and gray-brown podzolic profiles compa¬ 
rable to the present Lindley (forest slopes), are found in Kansan till under 
3-12 feet of Peorian loess. The distribution of these profiles indicates that 
the vegetation of Iowa during the Sangamon period differed from that at the 
time of settlement mainly in showing more forest in the western part of the 
State. Dissected valley slopes were covered by forest and the level till plain 
by prairie; with forest spreading onto the plain from the dissected areas. 

1 Journal paper No. J-1134 of the Iowa Agricultural Experiment Station, Project No. 
612. Publication assisted by the publishing fund of Iowa State College. 

2 The authors are indebted to Drs. R. W. Simonson and P. H. Carr for assistance with 
soil profile studies and aerial surveys respectively. 
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Lane (20) has shown by pollen analyses that prairies were prominent in 
Iowa in the interval between the Nebraskan and Kansan glaciations, but that 
coniferous forests both followed and preceded the various glacial periods. 
He notes that in neither the Aftonian nor the Sangamon inter-glacial periods 
did he find evidence of persistent hardwood forests. His findings thus do not 
support a recent origin for the prairie. Another paper by Lane (19) con¬ 
tains pollen analyses from a peat bog in Hancock County in north central 
Iowa which are significant as indicators of climatic conditions during the 
last few thousand years. Observations on a 15-foot peat section showed that 
at least the immediately surrounding areas of this late Wisconsin (Mankato) 
drift section have been covered successively by (a) spruce, (b) mixed conif¬ 
erous forest, (c) hardwood forest or savanna, and (d) grass, since the reces¬ 
sion of the Wisconsin lobe which covered north central Iowa. Grass pollen 
first became prominent (14 per cent) in the 11th foot at the time of the shift 
from coniferous to deciduous forest species, and was dominant (60 per cent) 
in the 7th foot of the deposit. Weed pollens suggestive of recently bared 
areas, possibly of intermittent drying of the lake, accompanied the disap¬ 
pearance of the oak in the 8th foot, and reappeared in the 5th, 4th, and 3rd 
feet. There seems to be no doubt that all of the peat studied had been formed 
since the recession of the Wisconsin lobe some 20,000 years ago. We may 
assume that peat accumulated slowly at first in the deeper lake and that the 
lower 6 feet, in which various tree pollens were dominant, cover more than 
half, possibly more than two-thirds of post-Wisconsin time. We may assume 
also that with the filling of the lake and lowering of the outlet, peat deposi¬ 
tion was accelerated until it may have approached a rate of one foot in 100 
or 200 years. Lane’s bog lay within a belt of low morainal hills which should 
have been better adapted to forest than the glacial till plain. We cannot 
assume therefore without further analyses that all or even most of Iowa has 
been forested in post-Wisconsin time. His data, however, seem to show 
clearly that the climate of Iowa has become warmer and drier during this 
period, and that the vegetation of the state has been subjected to unusual 
drought stress on two occasions, the first probably 5,000 to 8,000 years ago 
and the last possibly as recent as 500 to 1,000 years. 

Lane’s analyses, taken together, indicate that prairies have been promi¬ 
nent, if not dominant, in Iowa since the beginning of the pleistocene or 
glacial age, and he interprets them as supporting a climax classification for 
the prairie. The grassland community covered from 80 to 90 per cent of the 
state of Iowa at the time of white settlement, and was so thoroughly estab¬ 
lished on all but the rougher lands of the southern and eastern counties as 
to seem to justify a climax ranking. Transeau (38) has attempted to estab¬ 
lish a tongue of prairie climate over the peninsula which would make it a 
true or climatic climax. Others (6, 7, 12) feel that the prairie peninsula, 
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including most of Iowa, is a relict of glacial disturbances maintained by soil 
factors, past xerothermic periods, and fires, and is therefore subclimax (to 
forest) or postclimax (to climax prairie) or disclimax (maintained by fire 
and soil factors), but in any event not true climax under present conditions. 

Our justification for adding to the already voluminous literature of the 
prairie peninsula is based upon : (a) additional evidence of the recent rapid 
and general advance of forests in the critical western counties of Iowa; (b) 
observations upon the effects of the 1930-1939 dry cycle on Iowa forests; 
(c) soil studies which bear upon the problem of the advance of the forest; 
and (d) evidence for previously unrecognized soil factors retarding affores¬ 
tation of the prairies of Iowa. While our observations are principally on 
Iowa, as the exposed, western base of the prairie peninsula, the discussion 
is extended to include similar grasslands wherever found. To forestall pos¬ 
sible disagreements over terminology, we do not include soil factors, with 
their continuous changes from weathering and reaction, in our definition of 
true or climatic climax. 

RECENT AFFORESTATION IN IOWA 

A plant community which occupies more than 90 per cent of an area 
would normally be assumed to be the climax formation, and notes of the 
original surveyors show that many west central Iowa counties were almost 
treeless. If we assume a recent climatic shift, however, and the evidence for 
such a shift is unmistakable, the climax formation would be identified by its 
current invasion and ecesis rather than its distribution. On this basis, the 
loess hills of western Iowa, surprising!}", show striking evidence of recent 
rapid invasion by forest. Harrison, Monona, and Woodbury counties, on 
the Missouri river in central western Iowa, lie at the western edge and near 
the most exposed and the driest portion of the prairie peninsula. Harrison 
county vegetation was used by Shimek (32) to support his thesis of climax 
prairie in Iowa, yet 30 years later Quercus macrocarpa is spreading so rap¬ 
idly on the less intensively farmed lands of the county as to constitute a 
serious economic problem. 

Direct evidence of current afforestation in these critical western Iowa 
counties is furnished by two maps contrasted in figure 1. The distribution of 
the original forest, as mapped section by section in 1853 by the original 
public land surveyors, is shown along with the present forest cover mapped 
from aerial photographs taken for the Agricultural Adjustment Administra- 

Explanation of figure 1 

Flo. 1. Forested areas in Maple (85 N.) and a part of Center (84 N.) Townships in 
Monona County, Iowa. Dotted areas show closed forest of 1853, before settlement, and 
cross-hatched areas represent present forest distribution. Compare figure 2 which shows 
some of the west central portion of this area. 
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tion in 1940. The maps cover most of two townships located in the loess hills 
of Monona county just east of the Missouri river bottoms. The soils of this 
area are of the Knox-Monona association. No podzolized soil profiles have 
been mapped in extreme western Iowa although small areas of forest soils 
recently have been discovered about 30-50 miles southeast of the area shown 
in figure 1. The lack of forest podzolization in this region indicates that the 
establishment of forest areas in this 4 ‘prairie climax” was recent in time, 
probably within the last 1000 years, as well as limited in extent at the time 
of settlement of the region. Buried soil profiles in this region (33) show evi- 



Fig. 2. Aerial photograph af the southwest corner of Maple Township showing 50 per 
cent or more of this original prairie covered by forest and woodland pasture. In 1853 “A 
few small groves—with a few scattering burr oak comprised the timber of the township. ’ ’ 


dence, how r ever, of the presence of considerable forest during the Sangamon 
interglacial period. 

An aerial photograph of a. portion of the area in figure 1 is shown in 
figure 2. This region was surveyed in 1853 as prairie with scattering trees or 
clumps of trees. The present forest cover has spread naturally, most of it in 
the last 50 years. Inyasion has been most rapid, of course, in protected sites, 
but has resulted in the afforestation of exposed as well as protected slopes 
and of rounded ridge tops. The narrow, hogback ridges, which were once 
classed in a separate soil series, resist invasion even on northeast exposures 
and when partially shaded by well developed forest. Local soil factors would 
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appear to be involved. Most of the trees shown in the figure are Quercus 
macrocarpa, and only a few of them are more than 50 years old. Brush lands 
are in part reproduction from stumps and in part new invasion which is still 
proceeding. Most of this timber is, as shown in figures 3 and 4, rather scrubby 



Fig. 3. A low-branched, 78-ycar old seed tree of Quercus macrocarpa surrounded by 
40-50 year old trees which have formed a closed canopy with an understory of Corum, 
Fully exposed ridge top in the center of section 31, Maple Township. Fig. 4. Quercus 
borealis and Q. maerocarpa y closed forest and cutover pasture. Looking southeast across 
section 10, township 86 north, range 43 west; Woodbury County just north of Maple Town¬ 
ship in Monona County (cf. Fig. 1). Fig. 5. Quercus borealis closed forest with typical 
forest undergrowth on southwest slope in section 15 of township 86 N. Oldest trees about 
50 years. Fig. 6. Seedlings of JJlmus amcricana and sprouts of Quercus macrocarpa 
on hilltop land in section 15, Maple Township. The elm apparently seeded into over-grazed 
pasture early in the 1930-39 dry cycle. 

burr oak. The stands are closing or closed, however, until prairie species have 
been largely excluded and other forest species are now appearing. Quercus 
borealis (fig. 5) is capable of maintaining full stands on the most exposed 
sites, and is spreading into the burr oak, along with Carya cordiformis, as 
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seed trees develop. Ulmus americana is common, invading disturbed areas 
rapidly (fig. 6) and persisting as dominant trees even on the most exposed 
areas. Tilia americana grows vigorously on protected north slopes. Juglans 
nigra , Gymnocladus dioica, Celtis occidentals, and others are found as scat¬ 
tered individuals, typically in more protected locations. Fraxinus lanceolata 
is moderately common, and the usual willows, maples and elms occupy the 
stream banks and younger flood plains. 

The large areas of pure stands of burr oak, the prominence of Cornus 
rather than Ostrya as an understory, and the absence of old trees or stumps 
all testify to the recent establishment of these woodlands. The frequency 
with which the larger trees on many sites showed ring counts of 45 to 50 
years suggests that a general climatic or economic disturbance, such as 
drought and over-grazing or abandonment of marginal farms, during the 
1890’s, may have accelerated the current invasion. Acceleration of invasion 
of grasslands by grazing is a common observation in the West and South¬ 
west (9, 21). If forest was already invading slowly and the new community 
is able to develop vigorous stands oil exposed sites, climax relationships are 
not involved, and the effect of the disturbance is considered to have been 
accelerative only. 

Adequate evidence that the current trends antedate the disturbances 
which have hastened them is contained in notes made by the original sur¬ 
veyors and preserved in the State House at Des Moines. Excerpts from these 
notes for several townships in Monona and Woodbury counties, all of which 
were mapped in 1853, follow: 

Twn. 83 N., R. 43 W., 5th P.M. David J. Sales, Deputy Surveyor. “Young 
timber is evidently extending into the prairie, and in many places there is a 
growth of young burr oaks, lind and hickory on high ground where there is 
no water course. We found no inhabitants or improvements in this Town¬ 
ship.” 

Twn. 84 N., R. 43 W., 5th P.M. (c/. fig. 1), David J. Sales, Deputy Sur¬ 
veyor. “This Township (excepting the river bottom) is generally rolling, 
with some young timber scattered over it, generally burr oak and lind and 
numerous small thickets of young burr oak, lind and hazel which are evi¬ 
dently spreading in despite the fires which burn off the grass.” 

Twn. 85 N., R. 43 W., 5th P.M. (cf. figs. 1-3, 6, 13 and 14), John W. Ross, 
Deputy Surveyor. “The greater proportion of the Township is high rolling 
prairie. Soil 3rd rate. ... A few small groves of timber principally maple 
lynn and elm with a few scattering burr oak comprise the timber of the 
Township.” 

Twn. 88 N., R. 43 W., 5th P.M., John W. Ross, Deputy Surveyor. “The 
Soil of which is poor 3rd rate. In the prairie are burr oak scattered all over.” 

From these notes and others not quoted we get the impression that the 
surveyors mapped as forest all tree-covered areas with a closed canopy, from 
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which the prairie grasses had been excluded either by trees or by trees and 
associated shrubs. The areas mapped as prairie thus probably consisted of 
both true prairie and burr oak savanna. In reading through notes for indi¬ 
vidual sections, quarter corners and section corners in areas mapped and 
spoken of as prairie were often witnessed by burr oak trees. These witness 
trees were frequently 200 to 300 feet from the section corners, indicating an 
open savanna, while their descriptions indicate young trees. In these locali¬ 
ties at the present time there are areas of apparently lightly grazed original 
prairie in which are a few scattered burr oak trees. These areas of savanna 
are probably very much like areas found at the time of the survey. 

In the 80 years since the area was first settled most of the original timber 
has been cut or cleared, and it is now difficult to locate any of the forest 
plotted in 1853. On the other hand the forest has invaded so generally and 
in such a wide variety of new sites as to leave little doubt that the climate 
at this extreme western end of the prairie peninsula is fully capable of sup¬ 
porting an oak-hickory climax. Invasion has followed land use patterns 
rather than topography, and recently forested spots are on rough, poor, and 
inaccessible land rather than in protected stream valleys. Much of the heavi¬ 
est invasion appears to have been on foreclosed lands which have lain fallow 
or only partially utilized. Both new invasion and older stands may be found 
on hilltops and on south and west slopes (figs. 2-6), indicating that these 
forests require no protection from wind and sun. It should be noted, how¬ 
ever, in connection with later discussions that these soils are formed from a 
deep, well-aerated loess subject to more rapid erosion than is characteristic 
of most of the prairie peninsula; also that surface and internal drainage are 
excellent and the soil nitrogen content low. 

FOREST INVASION IN CENTRAL IOWA 

Invasion in western Iowa has been favored by less intensive land utiliza¬ 
tion, by the rather general distribution of seed trees, and, as we shall note 
later, by soil conditions suitable for forest growth. On the Wisconsin drift 
soils of central and north central Iowa conditions have been less favorable 
for forest. Planted trees grow well throughout the region, however, and seed¬ 
lings become established readily wherever the sod has been broken up (figs. 
7, 8). In contrast an undisturbed Poa pratensis sod may delay invasion for 
years (fig. 9), and the rank growth of the original prairie was undoubtedly 
an inhospitable site for forest seedlings. Under these conditions primary 
invasion occurred along the streams where erosion had broken up the sod 
(figs. 11, 12, 21), and invasion of the till plain occurred in the usual shrub 
ecotone rather than by the widely scattered seed trees which have been the 
basis of the rapid afforestation in western Iowa. Current invasion is limited 
by intensive land utilization, but adequate evidence of moderately rapid 



54 


BULLETIN OF THE TORREY CLUB 


[Vol. 71 


presettlement invasion of the prairie is shown by surveyors’ notes and soils 
maps. 

The coarser, lighter-colored prairie soils of the Wisconsin drift area in 
Iowa are mapped as Clarion, the finer-textured, black soils of the poorly 
drained swales as Webster. Forest on eroded valley slopes has formed the 





Fig. 7. Natural reproduction of Juglans nigra , Acer saccharum, A. saccharinum, A . 
negundo , Fraxinus lanceolata, Celtis Occidentalis, and Vlmus americana in an abandoned 
kitchen garden. Prairie hilltop site; Clarion loam soil; Story County in central Iowa. 
Fig. 8. Ulmus americana Beedlings on a road bank bared in grading operations three 
years previously. South exposure; no seepage from back. Fig. 9. The lawn of the same 
farmstead shown in figure 7. Undisturbed Poa pratensis sod has prevented the establish¬ 
ment of seedlings on this portion of the plot. Fig. 10. Second growth oak-hickory forest 
(Quercus cdba-Carya ovata) on Wisconsin till (Ames soil type); Story County, Iowa. 

Lindley, and on the till plain the Ames soils. Ames soils are formed from the 
same parent material as the Clarion, but under the more rapid podzolizing 
influence of the forest they have developed a gray, leached A 2 - and a plastic 
B-horizon, to form inferior agricultural lands known as “oak lands” (figs. 
10 - 12 , 21 ). 
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Estimates of the time necessary for the formation of a planosol like the 
Ames or a gray-brown podzolic soil like Lindley are not available. Minimum 
estimates for the formation of podzols under spruce forests at more northerly 
latitudes are from 1000 to 1500 years (5). Under the climatic conditions of 
the western prairies and with a highly calcareous glacial till as parent mate¬ 
rial, a much longer period may be required for formation of mature soil pro¬ 
files. The flat tops of several low Indian mounds on a forested divide near 
the Des Moines river in Boone county, Iowa, showed no visible evidence of 



Fio. 11. Erosion and forest invasion along the Des Moines River, Boone County, Iowa. 
The oak-hickory forest has advanced along the deep gullies cut back from the glacial 
stream valley, and then spread over the prairies of the nearly level till plain. Scattered 
oaks in pastures and farmyards at the left and back are evidence that most of the area 
shown was originally covered with forest. (Phoio by P. H. Carr.) 

the development of a leached A 2 -horizon, nor could any accumulation of 
clay to form a B-horizon be detected. These mounds are classed as woodland 
culture by Dr. C. R. Keyes, State Archaeologist, and are variously estimated 
to be from 1000 to 5000 years old. Undisturbed soils near the mounds showed 
a typical Ames profile with a heavy, plastic B-horizon. Prom this and other 
evidence it seems probable that from 1000 to 2000 years have been required 
in Towa to produce detectable soil changes under forest, and that the fully 
developed Ames profile indicates a forest cover for considerably more than 
2000 years. 
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Close examination of the soils of oak-hickory forests on the Wisconsin 
till plain shows that, with similar topography and drift material: (a) the 
outer border of the Ames soil is sharply demarcated; (b) there are often 
spots or bands of partially podzolized or degraded Clarion soil between the 
Ames and the Clarion; and (c) beyond the degraded Clarion an oak-hiekor} r 
forest existed on typical Clarion prairie soil showing no visible evidences of 
podzolization or long occupance by forest. The sharp outer border of the 
Ames probably indicates a long pause in either invasion or retreat, for had 
conditions been uniformly favorable or unfavorable for forest the Ames 
would blend gradually with the Clarion. The presence of forest beyond the 
areas of Ames soil is undisputable evidence of a more recent invasion, prob¬ 
ably one taking place in two steps, the first of which occurred long enough 
ago to permit partial podzolization of the invaded Clarion, and the second 
so recent as to leave no visible change upon the soil. 

The distribution of Ames and Lindley soils bordering typical prairie 
streams in Story county, Iowa, along with the prairie-forest border mapped 
in 1847, are shown in figure 12 (cf. fig. 21). This map shows several items of 
interest: (a) The forest mapped along these prairie streams in 1847 exceeded 
the forest soils by more than four to one—clear cut evidence of a presettle¬ 
ment forest invasion so recent that no detectable soil profile changes had 
occurred, (b) The forest was advancing more rapidly along the streams than 
onto the till plain, (c) Eighty per cent of the forest soils are east of the 
streams and all of the Ames (till plain) soil is protected on the northwest 
by the streams, by steep banks or by marshes. In contrast, 40 per cent of the 
original forest lay west of the stream, most of it fully open to the northwest. 
Gleason (12) gives planimeter measurements of several Iowa maps showing 
that 70-80 per cent of the forest lay to the east of streams or lakes. He 
attributed this distribution to the firebreak action of the water. Fuller (10) 
records the same distribution of forest soils in LaSalle county, Illinois, and 
points out that low banked streams, or east-west streams, which would not 
have acted as firebreaks, showed no development of forest soils. It seems 
evident, however, that if fire was the major factor causing the unequal 
distribution in figure 12, the more recently established forests would have 
been affected as well as the older. In southern Iowa, where fires should have 
been equally prevalent, forest soils have been formed on slopes west and 
southwest of the streams—fully exposed to fire but protected from the 
drying effects of sun and wind. In addition to fire, this unequal distribution 
of forest soils on the Wisconsin drift may have been associated with the 
windbreak and afternoon shade, protection afforded seedlings by the main 
forest body to the west, and by the fact that soils on the east sides of streams 
in Iowa and Illinois (34) often contain windblown sand and are somewhat 
lighter in texture. 
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LINDLEY ^3 AMES 



Fig. 12. Forests and forest soils in two Story County townships. Tn 1847 the streams 
were bordered by forest as shown by dotted line. Older forest had developed Lindley soils 
on valley slopes and Ames on the till plain. More than three-fourths of the forest had been 
established so recently that the original prairie soils were unaffected (c/. fig. 21). 
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Irrespective of the factors affecting distribution, the evidence seems to 
require the conclusion that forest has increased 300 per cent or more along 
these prairie streams in the last few hundred years, but that this advance 
was preceded by a considerably longer period during which little or no 
advance occurred. Abundant evidence of this recent forest advance is found 
along the Des Moines river and generally throughout the central and north- 



Fig. 13. Young trees of Quercns macrocarpa in exposed and unpastured prairie show¬ 
ing no damage from drought. Monona County, May 1937. Fig. 14. Dominant trees of 
TJlmns americana dead and Quercns macrocarpa injured in protected pasture. Monona 
County, May 1937. ( of . figs. 3-6). Fig. 15. Quercns macrocarpa in over-grazed pasture 
with southwest exposure dead or killed back to main limbs. Woodbury County, May 1937. 
Fig. 16. No injury in mixed hardwood reproduction. One hundred yards cast of area shown 
in figure 15 and same exposure. 

eastern part of the state. On deep loess soils in the northeast corner of Iowa 
entire townships of prairie soil were covered by recently established forest. 
It is noteworthy, however, in connection with soil factors to be discussed 
later, that no comparable recent advance has occurred on the older soils of 
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the Kansan drift and associated loess in south central and southeast Iowa, 
an area which contained much of the state’s original forest cover. 

FOREST SURVIVAL DURING THE 1930-1939 DROUGHT 

The years from 1930 to 1939 covered one of the most severe and pro¬ 
tracted dry periods in the recorded history of the Mississippi valley. If the 
normal climate of Iowa is that of a grassland climax, forests should have 
suffered severely during this dry cycle. Paradoxically, although hundreds of 
thousands of adapted trees on suitable or even protected sites were killed 
or very severely damaged, forests were not visibly affected. Unpastured 
savanna of Quercus macrocarpa in original prairie showed no injury on a 
severely exposed site in Maple township, Monona county (fig. 13), but heav¬ 
ily pastured burr oak a few miles north in Woodbury county was killed or 
severely injured (fig. 15). Vlnius americana was killed and burr oak injured 
on a moderately pastured north slope (fig. 14), while no signs of injury 
were evident in unpastured reproduction on the south slope of the same hill 
(fig. 6). In general, pasture fences marked the difference between serious 
injury to complete killing and no injury whatever (figs. 15, 16). In many of 
the pastures no perennial grasses could be found in May 1937. Conditions 
were ideal for rapid invasion by tree seedlings, particularly where the 
farmers had been forced to dispose of stock for lack of feed, but older trees 
were injured in spite of reduced competition. The only factor that could 
be associated consistently with drought injury was trampling of the soil. 
Trampling would have reduced rainfall penetration, but evidence to be 
presented later suggests that reduced aeration was the more important fac¬ 
tor. Qua cks macrocarpa is deep-rooted on these loess soils (fig. 23). Tram¬ 
pling, particularly heavy stocking of the finer-textured soils in early spring, 
would reduce gas exchange rates and so limit depth of root penetration, rate 
of absorbing root production and efficiency of roots present. 

The recent drought seems thus to have furnished a clue to forest invasion 
and survival as well as evidence that undisturbed forest formations are 
able to withstand one of the severest droughts on record, at the dry western 
edge of the prairie peninsula. This lack of drought injury, coupled with 
presettlement and continuing forest invasion, indicates that the current 
climate of western Iowa is not too xeric to support an oak-hickorv climax, 
and thus relegates the grasslands of the prairie peninsula to a subclimax 
ranking. 

FACTORS FAVORING SUBCLIMAX PRAIRIE 

The establishment of oak-hickory forest as the climax formation of Iowa 
leaves unexplained the presence of tall grass or true prairie as the dominant 
vegetation, covering 80 per cent or more of the state at the time of settle- 
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ment. Past attempts at explaining: prairies have stressed climate, biologic 
factors, fire and soil factors. Undoubtedly all of these are concerned in vary¬ 
ing degree in the persistence of the prairie peninsula. 

Climatic Factors. Although our observations have shown oak-hickorv 
forest capable of spreading and maintaining itself on the most exposed sites 
of western Iowa and in some of the driest years of record, the climate of this 
region is clearly borderline between the forest and the grassland climax. 
The rainfall of about 30 inches falls predominantly during the growing 
season. The amount and rate of precipitation in individual storms are high 
enough, however, to permit the subsoil wetting necessary for a deciduous 
forest, and moist soil from the surface to the water table at some part of the 
year is characteristic if not universal. Such rainfall distribution, while favor¬ 
able to grass, is not unfavorable to forest. 

Rainfall-evaporation ratios have been used as one of the better indices 
of climate as it affects vegetation. Unfortunately very few evaporation 
measurements are available for the construction of such ratios. Weather 
Bureau records of evaporation for the seven months April to November are 
available for the last ten years at Ames in central Iowa, and for five years 
at Clarinda in the southwestern and Cherokee in the northwestern part of 
the state. The seven months rainfall-evaporation ratio at Ames for the years 
1933-1942 was 0.50. The average for five dry years was 0.35 and for five 
years with normal or excessive rainfall, 0.65. For the nearly normal five-year 
period 193&-1942, the ratio of the seven months evaporation to the twelve 
months rainfall was 0.72 at Ames, 0.70 at Cherokee and 0.64 at Clarinda. 
While winter evaporation is low, available estimates indicate that its inclu¬ 
sion would have lowered these ratios by 5-10 per cent. It seems probable, 
therefore, that the current rainfall-evaporation ratio in western Iowa is 
about 0.60. In contrast, Transeau (37) set 1.00 as the ratio for continuous 
forest and 0.60 as the border between prairie and short-grass plains. His 
ratios were based on data of a single year and would seem to be too high. 
An annual evaporation rate that is 170 per cent of the precipitation, how¬ 
ever, cannot be considered ideal for forest, and is an index of the stress 
against which forest invasion is occurring. 

Evidences of the recent dry or warm-dry periods stressed by Gleason 
(12) are unmistakable in Lane’s pollen analyses (19) and in the Wisconsin 
drift, forest soil-forest distributions. These data give a picture of the oak- 
hickory forest only recently resuming its advance after a long period of 
stagnation. The presence of degraded or partially podzolized Clarion soils 
indicates that recent invasion has occurred in two waves separated by a 
period relatively unfavorable for forest. A picture of the time involved in 
these sequences can be obtained from Lane’s Hancock County peat (19). 
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Assuming: that the weed stages represent dry periods when the lake was 
partially dried up, that the rate of filling with peat increased gradually from 
zero at the bottom to 1 foot in 200 }^ears for the upper foot, and that peat 
deposition occurred over a period of 20,000 years, the first dry period, rep¬ 
resented by a sharp drop in oak and increase of grass pollen in the 7th foot 
of the deposit, would have occurred at a minimum of about 3500 years ago 
and at the maximum possibly 8000 years ago. The more recent weed stage 
and dry cycle, shown from the 5th to the 3rd foot, would have occurred 
approximately 1000 years ago with a minimum estimate of 400 and a maxi¬ 
mum of 2000 years. The estimates for the first dry cycle correspond with 
those of 2000 to 6000 B.C. given by Antevs (2, 3), and with the estimates 
of Brooks (4), based on many records indicative of a general dry cycle over 
at least the mid-latitudes of the northern hemisphere. The more recent gen¬ 
eral dry period is estimated by Brooks to have occurred between about 800 
and 1600 years ago and to have ended about 1100 A.D. 

As the climate of late-glacial and post-glacial time gradually became 
warmer, tin spruce forest that followed the ice was replaced by oak-hickory 
forest on the coarser-textured soils. Although evidence is lacking, it is pos¬ 
sible that the fiat, poorly aerated till plain (fig. 21) went directly from 
spruce to grass. The first dry period may be assumed to have driven the 
forest back to the borders of the present fully developed forest soils; Ames 
on Wisconsin till, Clinton and Marion on Peorian loess overlying Kansan 
till, etc. This scheme allows 6000 to 8000 years for the formation of the 
Ames profile, and assumes that the interval between the two drier periods 
was still too dry for forest invasion until toward the end, when the advances 
represented by scattered strips of degraded Clarion were made. Six thou¬ 
sand years is probably above the minimum time for forest soil profile forma¬ 
tion in Iowa, but there is no upper limit, and we feel that 2000 years is below 
the minimum under the conditions which have existed. No intervening 
period fits with the climatological data available from many sources. 

We thus arrive at the conclusion that, except for a short period some 
2000 or 3000 years ago, grass was the climax formation of Iow T a from 3000 
or 6000 B.C. to 1000 or 1200 A.D., and that the present forest climate has 
had only a few hundred years in which to affect the vegetation of the area. 
Lest our outline seem too assumptions, may we repeat that soil profile data, 
all available fossil pollen analyses, and the best estimates of past global 
climatic shifts are in agreement in supporting its essential points. 

Biologic Factors. Even with a longer period than has been available for 
forest invasion, the difficulties of seed distribution and seedling establish¬ 
ment under grass competition could account for the lack of forests in central 
and western Iowa. Direct invasion without a shrub ecotone, such as is re- 
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quired for rapid spread of the forest, is complicated by the fact that few 
forest species are fitted to compete with a prairie vegetation. Invading tree 
seedlings must develop a long tap root the first growing season if they are to 
get below the zone of heavy moisture use by grass and survive summer 
droughts. They must also make enough shoot growth to emerge from the 
dense lower layer of the prairie and make food for continued growth, and 
they must be capable of withstanding relatively long periods of drought 
when the soil moisture level is at the wilting point and the air temperatures 
within the drying grass, which affords little shade but effectively stops cool¬ 
ing air currents, may be above the death point of many plants. The first two 
characteristics are met with only in the large-seeded species, and when one 
considers periodicity of seed years and the great abundance of rodents in 
the prairie, the difficulties of invasion and ecesis are evident. Most of the 
species of oak seedlings also require some shading and moderate tempera¬ 
tures (17). In southern Iowa reproduction of cut-over oak stands in almost 
exclusively from sprouts, and seedling reproduction is successful only when 
small openings are made in unpastured and unburned forest. Tn central 
Iowa oak reproduction in non-forest areas is so rare that the presence of oak 
trees in a farm lot or fence row is taken as evidence of original timber (fig. 
11). When these growth requirements are matched against the characteristics 
of available species, Quercus macrocarpa is the only one obviously fitted for 
invasion, but its high seed weight tends to limit dispersion and invasion. 

In addition to the evidence given above, Weaver and Kramer (44) and 
Aikman (1) report a considerable spreading of Qnercxs macrocarpa in east¬ 
ern Nebraska since settlement, and Weaver and Kramer point out that the 
root habits of this species are especially well adapted to development on 
well drained and aerated soils ( cf . fig. 23). In contrast to burr oak, Uhnus 
americana seeds widely and grows quickly under favorable conditions and is 
probably the primary invading forest species in central Iowa at the present 
time, lllmus, however, will not inVade vigorous sod, even that of Poa pra- 
tensis, and its spread depends upon suppression of sod by It litis or other 
shrubs, or by erosion, grazing or cultivation (figs. 6, 22). Once established, 
the elm encourages the spread of other species which may be expected to 
become dominant on all but flood plain sites. 

The prairie soils, both immature and mature, are characterized by a 
microflora that differs sharply from that of the forest soils. One of the 
authors has recently discussed certain aspects of this problem (22, 23), and 
shown that the absence of mycorrhizal fungi may prevent the growth of 
forest species on prairie soils (fig. 17). White (45) and others have reported 
similar results. Whatever may be the physiological action of mvcorrhizae, 
the absence of their component fungi would delay forest invasion and render 
improbable the occasional long jumps that would make rapid invasion pos¬ 
sible. 
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Norman and Moody (26) have shown that the organic matter of forest 
and prairie soils differs in quality as well as quantity, and that forest 
organic matter is more active and capable of reducing twice as much hypo- 
iodite as that of the prairie. Forest soils students know well the differences 
between humus types in various forests, and Rayner (29) has suggested 
that certain types of organic matter decomposition and humus formation 
may produce substances toxic to trees and to mycorrhizal fungi. Recent work 
suggests strongly that the roots of conifers are dependent on growth sub¬ 
stances secreted by certain fungi or upon certain products resulting from 
active organic matter decomposition by these fungi. In a continuation of 
the work of Rayner, Neilson-Jones (25) has obtained evidence that organic 
compounds toxic to conifers are formed in moorland soils. Conditions are too 
different to make these results directly applicable to the grasslands discussed 
here. The authors, however, feel that studies of differences in both the 
organic matter and microflora of grass and forest soils should be continued. 
Such studies may help to explain why forest planosols are reforested with 
relative ease whereas contiguous grassland planosols are invaded slowly, 
even where the grass is disturbed. 

Fire as a Factor Favoring Subclimax Prairie. There can be little doubt 
that the recent widespread imasion of forest on the prairie, and of other 
woody plants into areas of grassland in western United States, has been due 
to changes following settlement. Where the sod has not been broken these 
disturbances are due mainly to grazing and the use or disuse of fire. The 
rapid recent spread of tree and woody species on the Edwards plateau in 
Texas (9) and the invasion of the pinon-juniper and ponderosa pine types 
into grassland in Arizona (21) are both ascribed to the stoppage of grass 
fires and to the reduction of grass competition by grazing. In most instances 
these two factors act together and it is difficult to disentangle the effects of 
one from the other. We are inclined to believe, however, that the rapid forest 
advance in western Iowa has been due chiefly to reduction in grass cover by 
grazing and plowing rather than to prevention of fires. This belief is sup¬ 
ported by the surveyors’ notes or oak spreading into the prairie in spite of 
fire, and by the exposed position of younger forests on the Wisconsin drift 
(fig. 12). Acceleration of invasion cited by Gleason (12) and others as due 
to fire control could equally well have been effected by intermittent over- 
grazing. 

The role of fire in modifying the forest-prairie boundary prior to settle¬ 
ment is difficult to evaluate. The effects of fires on forests have been more 
extensively investigated than the effects of fire on grasses. Among those who 
have written on the prairie-forest relationship the opinion generally prevails 
that fire has been an important factor retarding forest development. How- 
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ever, from the literature one can gain evidence for any stand desired (14). 
The effects of fires would undoubtedly vary with their frequency and severity 
and would depend upon whether the tree species were of the sprouting or 
non-sprouting variety and how well insulated the inner bark and cambium 
were from the short but intense heat of the prairie fires. Transeau (38) 
expresses the following view: “Fires favor the persistence of prairie species 
in contrast to tree species. Prairies preceded prairie fires. Whenever one 
searches the historical literature describing the period of settlement one is 
impressed by the frequent widespread fires usually ascribed to the Indians. 
Fire as an ecological factor, seems to boil down to this: that in forest climates 
it retards development, and may result in scrub, but it does not result in 
prairie. In a prairie climate it helps to maintain and perhaps rarely enlarges 
the prairie.” 

Assuming that fire retards forest invasion, its effect on prehistoric 
prairie-forest relationships would depend upon frequency and severity. 
Although no evidence is at hand, it is doubtful whether lightning fires were 
of any great importance in the prairie peninsula because rain generally 
accompanies lightning. Thus prairie fires would originate chiefly with the 
Indians. There is considerable evidence that Indians burned the prairies 
yearly as a means of hunting the bison, but considering the area of the 
prairie, and the relatively small numbers of Indians and Indian villages, 
it does not seem reasonable, if fire were the principal factor, that in this 
extensive upland prairie with its interlacing wooded streams there should 
be no more extensive areas of forest invasion. A reasonable conclusion seems 
to be that fire probably played a local role* in retarding forest advance, but 
that its influence was secondary to other factors and has been over-stressed. 

Soil Reaction. On the immature soils of the Wisconsin drift and of the 
deeper loess deposits the high calcium content of the subsoil tends to retard 
tree growth. In certain local prairies of the southeastern and southern United 
States also the percentage of alkaline or saline salts is high. Various authors 
have suggested that restricted growth on these sites is due to unavailable iron 
and other minor elements, to insolubility and unavailability of phosphorus, 
to unfavorable calcium-potassium-sodium balance, or to toxic concentrations 
of calcium, sodium, potassium, chloride, sulphate and other ions. Most conif¬ 
ers with the exception of Juniperus and a few others are seriously affected, 
especially in the seedling stage, by high concentrations of soluble salts. 
Among the hardwoods there are more species adapted for growth on alkaline 
soil (8), but these are usually, not adapted to withstand heavy competition 
in the seedling stage. The problem is further complicated by the effect of 
organic matter in decreasing injury on alkaline soils and by the fact that 
many soils derived from limestone, chalk and marl are heavy and possess 
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poor internal drainage and aeration. The degree of plant injury and soil pH 
are also sometimes related to and vary with the moisture content of the 
soil (13). 

In pot experiments at Ames Pinus banksmna died during the first season 
on an alkaline Webster surface soil, but grew well on acid prairie soils when 
inoculated with myeorrhizal fungi. Seedlings of Quercus borealis were 



Fig. 17. Seedlings of Pieea Abies on prairie soil. Dead and dying plants non-mycor- 
l’hiznl; vigorous plants inoculated with myeorrhizal fungi from mulching material. Fig. 
18. Growth of Quercus borealis seedlings in prairie and forest, surface and subsoils. Left 
to right; grown in prairie surface soil (Clarion A); prairie subsoil (alkaline, Clarion 
C-horizon); forest surface (Lindley A) and forest subsoil (acid Lindley C-horizon). 
Fig. 19. Response of A vena saliva, on O’Neill soil to nitrogen fertilization. Left to right: 
none, 40, 80, and 160 lbs. NH« per acre. Fig. 20. Response of seedlings of Fraxinus 
lanceolala to nitrogen fertilization. Soil acid; fertilizers as in figure 19. 

chlorotic, stunted, and failed to respond to fertilization on the alkaline 
(-horizon of a Clarion prairie soil, but were normal in appearance and 
responded to added fertility on the acid subsoil of Lindley (forest) or the 
neutral subsoil of Tama (prairie). The root systems of the seedlings on 
Clarion C were very poor, short and unbranched (fig. 18). Alkalinity is 
stressed as a factor favoring the black-land prairies of Alabama (24) and 
the steppes of Hungary (35). Like poor internal drainage and aeration, an 
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alkaline subsoil is most injurious to the deep rooted species of the forest 
climax. 

Soil Fertility. It is considered typical of xeroseres that the climax for¬ 
mation occupies the most fertile as well as the most mesic sites. In the mature, 
till soils of the Illinoian and older glaciations the virgin forest climax soils 
are frequently more fertile than the grassland soils, although their agricul¬ 
tural value may be reduced by their greater slope and tendency to erode. 
In the immature soils of recent drift or deep loess deposits, however, the 
grassland soils tend to be markedly better, particularly in nitrogen content. 

TABLE 1. Average total nitrogen content of the surface 2,000,000 pounds of some 
prairie and forest soils of Iowa. 


Vegetation 

Series 

Texture 

Nitrogen, lbs. 
per acre 

Prairie 

Marshall 

Silt loam 

4,029 



Silt loam 

5,600 

Prairie 

Clarion 

Loam 

4,368 



Silt loam 

4,986 

Prairie 

Webster 

Clay loam 

6,762 



Silt loam 

8,633 

Prairie 

Carrington 

Loam 

3,756 



Silt loam 

4,600 

Prairie 

Clyde 

Silt loam 

7,157 



Silty clay loam 

7,929 

Prairie 

Grundy 

Silt loam 

4,253 



Silty clay loam 

4,971 

Prairie 

Knox 

Silt loam 

2,117 

Forest 

Clinton 

V.f. sandy loam 

2,050 



Silt loam 

2,506 

Forest 

Fayette 

Silt loam 

2,300 

Forest 

Marion 

Silt loam 

2,229 

Forest 

Lind ley 

V.f. sandy loam 

1,733 



Silt loam 

2,226 

Forest 

Ames (Conover) 

Silt loam 

2,150 


Nitrogen analyses of important prairie and forest soils of Iowa by Walker 
and Brown (42) are given in table 1, and show an average nitrogen content 
for the prairie soils that is two or more times that of the forest soils. Note 
particularly the Ames soil, developed from the same parent material as the 
Clarion, or the Marion from the same material as the Grundy but containing 
in each instance about half as much nitrogen. Note also that the Knox silt 
loam, one of the types being invaded in western Iowa, shows a nitrogen con¬ 
tent comparable to that of^the forest soils. The high nitrogen content of 
the grassland soils is assumed to have accumulated under grassland cover 
and to be associated with the more stable organic matter forms of the prairie 
soils. 
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Nitrogen is recognized as a major fertility factor for grass development; 
in contrast, experiments by one of the authors have shown that tree seedlings 
did not respond to added nitrogen on several Iowa soils when the initial 
nitrogen content of the soil was more than about 2,000 pounds an acre in the 
surface 2,000,000 pounds of soil. The responses of two tree species to nitrogen 
fertilization on an O’Neill soil containing 1,900 pounds of nitrogen are com¬ 
pared in table 2 and in figures 19 and 20 with the responses of Avena sativa, 
used to represent a quick-growing grass. While the growth of Avena was in¬ 
creased 700 per cent on this rather infertile soil, the growth of Fraxinus 
lanceolata was unaffected and the response of Quercus borealis w T as of doubt¬ 
ful statistical significance. 

Cowles (6) has suggested that prairie tends to change the soil in a direc¬ 
tion which favors grass at the expense of forest. F’or the fertile, immature 

TABLE 2. Relative responses of a cereal grass and of two tree species to nitrogen 
ferUKzation of an O ’Neill soil. 


Dry weights of seedlings as a percentage 
of tlie cheek 


Avena Quercus Fraxinus 


None . . 

. 100 

100 

100 

40# NH 3 per acre . 

.. . 467 

119 

101 

80# NH ; , per acre . 

. 801 

115 

95 

160# Nil,., per acre . 

. .. . 820 

130 



pi-airie soils of Iowa and northern Illinois we advance the thesis that high 
nitrogen levels, built up in these soils during prehistoric, grassland elimate 
cycles, are under present conditions an important, factor favoring prairie 
species in their resistance to forest invasion. The high nitrogen content of 
these soils increases the density of the grass cover and results in such rapid 
resodding of disturbed areas that there is little opportunity for forest seed¬ 
lings to become established. The dense growth and fibrous root systems of the 
grasses quickly remove surface moisture below the wilting point during even 
short dry periods. In addition they may reduce the level of available phos¬ 
phorus (22) and/or other elements (45) to levels critical for tree seedling 
growth, and raise the carbon-dioxide content of the soil (16) to a point in¬ 
jurious to tree roots. 

Erosion has long been recognized as having a favorable effect on forest 
invasion; an effect which is usually assigned to better drainage and to pro¬ 
tection in the gullies and rough lands from the drying effects of wind. 
Under our theory the removal of the grass cover, and the removal of the 
high-nitrogen A-horizon which favors its return, become major parts of the 
effect of erosion. Even when the nitrogen content of eroded areas is reduced 
below the optimum for trees, the reduction or elimination of grass competi- 
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tion makes such spots available for invasion (fig. 22). The movement of in- 
vading forests along steep-banked prairie streams has probably depended as 
much upon this effect of erosion (figs. 11, 12, 21) as upon any single factor. 

Soil Aeration. Subelimax prairie is found typically on flat alluvial or 
till plains, and many authors have called attention to the poor surface and 
internal drainage of the soils formed on these sites. Englemann (7), for ex¬ 
ample, has stressed drainage as the cause of subclimax prairie. His discus¬ 
sion of the prairies of Jackson and Perry counties in southern Illinois is 



Fig. 21. Forest distribution along the I)es Moines River, Boone County, Iowa. The 
Ames soil in the foreground has been cleared of forest, as have the pastures above the 
farther bluffs. Present woodlands are on the steeper Lind ley soil. Trees on the Wisconsin 
till plain of the background are farmlot plantings. 

noteworthy for careful observations in a district where prairie has appar¬ 
ently persisted for many thousands of years in a distinctly forest climate, 
and for its early date (1863) which enabled the writer to consult original 
settlers and to observe relatively undisturbed plant communities. He reports 
that prairie was restricted to the undissected till plains, and that these were 
being invaded from the rolling lands along the streams, with invasion of the 
narrower strips of prairie being complete. The timber on these flat lands, 
however, was a poorly developed growth of Quercus stellata , Q. marilandica , 
and Q . palustri;s, the first two considered indicative of dry and the last of 
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wet lands. Englemann attributed the persistence of the prairie to poor sur¬ 
face and internal drainage, and reported that the “post oak flats’’ alter¬ 
nated between standing water in early summer and severe drought in late 
summer, so that only the more resistant trees were able to exist on these 
former prairies. In the soils maps of Jackson county (27) the mature prairie 
soil on Tllinoian till, thinly covered with Peorian loess, is classed as Cisne. 
Where the till plain has been invaded by oak-hickory timber it is mapped as 
Wynoose. Timber on rolling land along the streams developed the Bluford 
soils, and grass the Hoyleton series. Englemann reports that the Iloyleton 
soils, which he called “barrens,” had been invaded by oak in 1860, at a rate 
which seemed to class their grassland cover as a disclimax maintained by 
fire. The level Cisne soils, however, have probably resisted forest invasion 
throughout most of the 150,000 or 200,000 years since the retreat of the Illi- 
noian glacier. The force of this resistance can be judged by the fact that the 
bands of Wynoose soils bordering the prairie are rarely more than one-half 
mile wide, indicating an average invasion rate of about one foot per century. 

While the Cisne and Wynoose soils are developed over level, Illinoian till, 
they are actually formed from a sheet of Peorian loess 11-4 feet thick (34). 
Ten miles south of the Jackson county prairies and post-oak flats, this same 
loess on unglaciated hills was covered with a luxuriant forest of Quercus 
alba , Nyssa sylvatica , Liriodcndron tulipifera , and associated species, with 
Acer saccharum , Fayas yrandifolia , and Magnolia acuminata prominent in 
protected sites. Transeau (37) classes Liriodcndron tulipifera as a critical 
species of the eastern hardwood climax forest, yet one of the writers recalls 
a specimen of this tree growing on an exposed ridge of Ava loess at the south 
boundary of Jackson county that was 6 feet d.b.h., 90 feet to the first limb 
and more than 120 feet high. With climate and parent soil material identical, 
only topography and its effects remain to explain the sharp break between 
the prairies and scrub oak of the till plains and the adjoining original forest 
cover represented by this specimen. 

Partly because of the methods of their deposition, and partly because of 
the type of weathering which occurs in them and the absence of erosion, flat 
lands tend to be fine-textured and to develop at maturity into planosols with 
a heavy, impervious B-horizou. If the climate is such that grass is the initial 
vegetation of these plains, or if the forest is destroyed during dry cycles, in¬ 
vasion by forest becomes difficult. In the absence of stream dissection and 
enough sheet erosion to carry away the clay particles formed by weathering, 
the difficulties of invasion increase sharply with time as the clay materials 
are leached downward to form a shallower and more impervious B-horizon. 
Prairies on flat lands thus tend to perpetuate themselves by forming plano¬ 
sols as well as by direct competition. 
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The importance of topography in soil formation is illustrated in the 
forest profiles formed on the loess soils of southeastern Iowa. On flat up¬ 
lands, Marion soils are formed and the forest is composed of Quercus stellata , 
Q. mwt'ilandica , Q. bicolor, and Q. imbricaria . With slopes up to 5 per cent 
Weller soils are formed with a covering of Quercus alba and Varya ovata. 
On steeper slopes the Clinton soils support the last two plus Quercus borealis 
and Tilia americana as dominant species. All of these soils have developed 
from the same parent loess, but the level Marion has a planosol profile and 
a distinctly inferior forest cover which has a record of very slow invasion 
into the almost equally impervious prairie soils of the Edina and Putnam 
series. Where slope changes are abrupt the changes in vegetation are equally 
abrupt and the species of the more rolling lands may disappear within 50 
feet. 

The relationships of southern Illinois and southeastern Iowa are general, 
not only throughout the prairie peninsula, but for the subclimax and border 
line grasslands of the world. In Hungary (35), Australia (28) and Africa 
(11) as well as Alabama (24) and Arkansas (41), prairies on the more 
mature soils have been driven back to flat areas of impervious silts and clays. 
The prairies of Arkansas and of Louisiana for example are found on flat, 
heavy, Port Hudson terrace soils (fig. 25). These terraces were formed from 
glacial clays deposited in middle pleistocene times (40), and are therefore 
comparable in topography, texture, and age to the prairies of the older till 
plains. 

Although trees of various species will grow under moisture conditions 
ranging from permanent swamp to semi-desert, the root systems of trees 
seem to be generally inefficient in both soil-contact area (fig. 18) and level 
of physiological activity. It seems probable, therefore, that it is not poor 
drainage alone, or even alternating wetness and dryness, which limits forest 
growth on these prairie soils, but rather the unfavorable oxidation-reduction 
relationships of fine-textured, wet soils. Thus we find the well aerated Knox 
and Monona soils of western Iowa invaded much more rapidly than the 
impervious Cisne of southern Illinois; in central Iowa the deep, frequently 
rather sandy soils of the Clarion series on Wisconsin till have been invaded 
more rapidly than the impervious Putnam soils formed on the older Peorian 
loess over Kansan till in southern Iowa, and throughout the prairie-forest 
borderline small differences in elevation, drainage, and aeration markedly 
affect forest invasion (figs. 24, 25). 

Patton (28) stresses soil texture and topography as major factors in the 
distribution of grasslands and forest in Victoria. Forest is reported on the 
coarser-textured soils, even when rainfall conditions are unfavorable, while 
subelimax prairie persists on impervious plains. Stoeckeler and Bates (36) 
ascribe the beneficial effects of sandy soils in the shelterbelt region to their 
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greater free moisture content. Turner (39) stresses soil aeration as an impor¬ 
tant factor affecting growth rates of trees. Under critical conditions poor 
growth means poor survival, and we feel that poor soil aeration, due to poor 
surface drainage and particularly to impervious, clayey soils, is the most 
important single factor restricting the spread of forests and favoring the 
persistence of subclimax prairie throughout the world. 



Fig. -2. Pure stand of Vim an amcricana on subsoil exposed in road cut; >vest expo¬ 
sure; no evidence of seepage. Jasper County, Iowa. Fig. 23. Exposed roots of Quercus 
macrocarpa in western Iowa. Medium-sized roots were abundant at the 9-foot level. Fig. 
24. Oak-hickory forest on swells of the more porous Clarion soils with swales of compact 
Webster originally in low prairie. Boone County, Iowa. Fig. 25. Trees on hummocks; 
Port Hudson Terrace prairies of southeast Arkansas. 

The effects of soil aeration on forest-prairie competition cannot be ex¬ 
plained until we know more about the physiology of roots and particularly 
of tree roots. A space factor is undoubtedly concerned, with the heavier 
growth of the forest requiring a deep root system for an adequate water 
supply during periods of stress. It seems probable, however, that questions 
of fine root growth and level of physiological activity are involved; that tree 
roots are relatively inefficient and, in some of the more xeric species at least, 
susceptible to the effects of oxygen deficiencies (15) or carbon dioxide 
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accumulations (18). If it should develop that the roots of the more xeric 
hardwood forest trees are particularly susceptible to carbon dioxide accumu¬ 
lation, the data of Howard (16) would gain added significance to the prob¬ 
lem of invasion of the prairie. He found soils under grass containing up to 
five times as much carbon dioxide as his cultivated control soils. Such an 
accumulation in soils of compact structure and slow rates of gas exchange 
might be the determining factor in the survival of tree seedlings in sod. 

DISCUSSION 

Pollen analyses from all parts of the prairie peninsula are in agreement 
in showing a very general spread, of northern coniferous forests throughout 
the region during each of the glacial periods. In Iowa pollen analyses (20) 
and buried soil profiles (33) show that the interglacial periods have been 
dominated by grass rather than by deciduous forest, indicating that the soils 
and/or climate of the state have not been generally favorable for invasion 
by southern forest species during pleistocene times. 

Picea forests were present in Iowa following the late Wisconsin glaci¬ 
ation and may have been general. Unfortunately for our studies, most peat 
deposits are surrounded by moraines or other formations relatively favor¬ 
able to forest. Picea will grow, however, in flat, wet soils, and pending 
analyses of peat from the open till plains the authors are inclined toward the 
assumption that these also were at least partially covered with coniferous 
forests. Such an assumption must account for the absence of any residue of 
a forest profile in the prairie soils. The prairie fauna, from earthworms to 
badgers, is so predominantly burrowing, however, as to seem able to rework 
shallow profiles in the period available. 

With rising temperatures the spruce forests should have been replaced 
by oak-pine or oak. Instead Pinus pollen never exceeded five per cent at this 
stage in Lane’s Hancock County bog (19), and Qucrcus pollen was exceeded 
by grass and weed pollens indicative of a savanna rather than a closed forest. 
It seems highly probable that the till plain went directly to prairie during 
this time, as it apparently had during earlier interglacial periods. The high 
initial lime content of the till plain, and its flat topography without pro¬ 
tected or disturbed areas for ready invasion, as well as its poor soil aeration, 
would have favored grass rather than oak during this increasingly xeric 
period. 

In the 8th and 7th feet of Lane’s bog, graminaceous pollen increased from 
23 to 60 per cent and Quercux dropped from 20 to 4 per cent. Such a change 
clearly indicates a severe dry period. It is noteworthy that Quercus pollen 
averaged 4 per cent from th<r7th foot of this bog to the top, suggesting that 
pollen was coming from the groves still present in the lee of Twin Lakes one 
to two miles north and west of the bog. Many data indicate that this dry 
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cycle was general; its probable date, 5000 to 8000 years ago. During this dry 
period grass undoubtedly became established on much former forest or 
savanna occurring on morainal hills and eroded slopes. The Hoyleton soils 
of southern Illinois and the morainal hills of northern Illinois may well have 
been deforested at this time, and the forests driven back behind the streams, 
lakes, and other fire-breaks, or to protected areas, that are mentioned above 
as showing in the distribution of mature forest soils but not always in the 
more recently established, original forest cover. 

Although pollen analyses indicate a more mesic period between about 
4000 and 1600 v^ars ago, soils data from central Iowa indicate that the 
climate was in the main that of a grassland climax with only limited forest 
invasion during the period. A generally warm-dry climate during the 
Middle Ages is reasonably well documented by tree rings, historical records, 
Nile valley floods, remains of the Greenland settlements, etc. (4). The end 
of this dry cycle at about 1100 A.D. probably marked the beginning of the 
current forest climax climate for Iowa and the -western base of the prairie 
peninsula. 

During ihe last 700 or 800 years forests had covered townships in north¬ 
eastern Iowa, advanced one to four miles from the main streams of central 
Iowa, and advanced as scattered trees and clumps in western Iowa at the 
time of settlement of the state. The disturbances of settlement, mainly, we 
feel, periodic over-grazing of prairies and pastures, have resulted in spec¬ 
tacular forest advances in western Iowa during the last 50 years. The early 
advances were as rapid as could have been expected against the competition 
of established and vigorous prairie sod, but they were limited to deep, well 
aerated soils. Swales of poorly aerated Webster soils were by-passed in 
central Iowa (fig. 24), and invasion of mature or nearly mature planosols 
in southern Iowa and Illinois was negligible. Afforestation, including recent 
invasion, in western Iowa has followed a belt not far behind the Missouri 
river bluffs which perhaps represents a gradation of the loess (34) into 
particles neither too coarse and therefore dry, nor too fine and poorly 
aerated. 

The remainder of the prairie peninsula remains, as it probably has dur¬ 
ing most interglacial time since the Aftonian, a subclimax or edaphic climax 
maintained primarily by its flat topography and its impervious, poorly 
drained and poorly aerated soils. If the present climate lasts for the neces¬ 
sary millions of years until the till plains are dissected and their heavy sur¬ 
face and subsurface soils eroded away, we may expect the disappearance of 
the prairie peninsula. 

SUMMARY 

Undisturbed Iowa forests survived the recent drought years without 
injury, and forest is spreading and maintaining itself throughout the state 
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under present climatic conditions. Oak-hickory forest is therefore considered 
to be climax, from a line somewhere near the Missouri and Little Sioux 
rivers eastward. In western Iowa, where the climate approaches that of a 
prairie climax, soil factors become increasingly important, and forest poten¬ 
tialities are limited to the coarser-textured, better aerated soils. Forest in 
this area requires no protection, however, from the full force of sun and wind 
under present climatic conditions, and is currently invading both disturbed 
and undisturbed areas. 

General and local evidence from glacial varves, tree rings, pollen 
analyses, soils distribution, and other sources indicates that the climate of 
Iowa during late-glacial and post-glacial times has changed from boreal 
through oak-hickory forest climate to grassland climate, and that the current 
forest climate has probably existed for only 700 to 800 years. For perhaps 
5000 years preceding this recent shift the climate of Iowa was predomi¬ 
nately that of a grassland climax, with the forest driven back to areas of 
deeper soils sheltered from fires and prevailing winds. 

The prevalence of prairie in Iowa and Illinois is not, however, due to this 
recent xerothermic period, but dates probably to the soils disturbances initi¬ 
ated by the first or Nebraskan glaciation. The prairie peninsula is considered 
to be a subclimax associes maintained by the soils and topography of the 
glacial till plains. On the unleached soils formed from deep sheets of Peorian 
loess and Wisconsin till, the high lime content of the soils and past xero¬ 
thermic periods have favored prairie grasses and legumes which have in time 
built up a high nitrogen and organic content in these soils. This content now 
stimulates the growth of grasses at the expense of invading tree seedlings. 
On the leached but undissected till plains of the Kansan and lllinoian glaci¬ 
ations, planosols of poor surface and internal drainage and aeration have 
been developed which are distinctly unfavorable for trees, particularly 
under border-line climatic stresses. Planosol prairies are invaded very slowly 
and only by the more xeric forest species, even w T ith a distinctly forest 
climate, and their transformation to oak-hickory climax will probably re¬ 
quire extensive erosion to establish drainage and permit development of new 
and less mature soil profiles. These prairies may therefore be considered to 
be a semi-permanent, edaphic, but not climatic, climax. 

The invasion of forest along streams, w T hich has been cited as evidence 
of a forest postclimax dependent upon protection, is considered to be related 
in the older soils to increased drainage and soil aeration, and in the less 
mature to the removal of the high-nitrogen surface soils which are relatively 
much more favorable for the growth of grass than of the slow'-growing and 
vulnerable tree seedlings. 

The relationships shown for Iowa are present throughout North America 
and in Europe, Africa and Australia. In local areas prairies are maintained 
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bv sandy or gravelly soils too dry to support forest. The vast bulk of the 
peninsula and of other subdimax prairie, however, is found on silty or 
clayey plains of glacial, alluvial, or other origin. Poor soil aeration caused 
by fine-textured soil and poor drainage is probably the most important 
factor in the persistence of these subclimax prairies. 

Departments of Forestry and Botany, Iowa State College 
Ames, Iowa 
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MORPHOLOGICAL OBSERVATIONS ON THE 
TOMATO PLANT 1 

F. W. Went 

Even though a number of papers have been published on the abnormal 
morphology and teratology of the tomato plant (Caldwell 1930, Dana 1939, 
Masters 1869, Penzig 1894, Risehkov 1938, Sehlosser 1936, Worsdell 1915) 
there are surprisingly few in view of the importance of the tomato as a major 
crop plant on the one hand and its uncommon variability in a morphological 
sense on the other hand. During the last four years about two thousand full 
grown tomato plants and 40,000 seedlings were observed in the greenhouses 
of the California Institute of Technology, grown in part under well con¬ 
trolled conditions, and in the following article morphological observations on 
these plants will be described. Some of these observations were systematically 
carried out on all plants, but those on the rarer teratologieal cases were 
entirely incidental. 

Most observations were made on 4 ‘Han Jose Caiuier” tomatoes, Lycopersi- 
cum (scuh nhtm, but additional work on “Marglobe” and other varieties has 
shown that many of the described phenomena are not restricted to one 
variety only. The tomato seeds were sown in flats in washed sand, 100 per 
flat, and were watered with nutrient solution after germination. The almost 
complete absence of auy segregation of such characters as dwarf, potato-leaf, 
yellow leaf, and the great uniformity of growth-rate and response to exter¬ 
nal factors (Went 1943) all point towards the essential homozygosity of the 
seed. The abnormalities were found in ever changing proportions, indicating 
that they were modifications and not genetically determined. Moreover, most 
of these abnormalities occurred only in one stage of development, and before 
and afterwards the plants were perfectly normal. 

Seedlings. During germination the two cotyledons unfold and enlarge. 
Svncotyly is very rare (less than 1 in 1000) and trieotyly is rarer than in 
most plants (8 in 3300). About one week after germination the first two 
foliage leaves, which were already initiated in the embryo, grow out. Occa¬ 
sionally (less than 1 in 2000 plants) these two first leaves have merged into 
a beaker-like structure or even into one peltate terminal leaf, without trace 
of a terminal bud between them. A cotyledonary bud develops in such plants 
and takes over the main stem function. In such cases the two leaf primordia 

1 The author is indebted to Mrs. M. O. Carter for the preparation of the drawings in 
this paper. 
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must have merged and overgrown the terminal raeristem. This .never 
observed in any other stage of development of tomato plants. 

The following most remarkable abnormality was observed three times: 
After normal germination the first two foliage leaves developed. No termi¬ 
nal nor axillary buds were present; even under the microscope no trace of 
them was visible. Therefore these seedlings did not develop beyond the two- 
leaf stage. But both cotyledons and leaves continued to grow in surface and 
thickness. Instead of falling off after a month the cotyledons remained alive 
and attached to the plant throughout its life span, which was 3-6 months. 
The root system seemed perfectly healthy and normal, and well developed. 
Similar cases were described by de Vries (1903, p. 322) for Hclianthus , 
Pentstemon, and Cannabis. Apparently these seedlings had completely lost 
the ability to form buds anywhere. In normal plants decapitation and de¬ 
budding lead to the formation of numerous adventitious buds on the callus 
overgrowing the wounds and on the upper surface of the leaf rachis. But 
these budless seedlings showed no trace of such regeneration. Nor did they 
regenerate anything but a slight callus on wounds produced on leaves or 
stems, even after treatment with auxin paste. 

Two seedlings were observed which were completely budless, like the ones 
just described, but lacking even the two primary leaves. They consisted only 
of roots, a hypocotyl, and two cotyledons. 

Phyllotaxis. The leaves of the tomato are inserted on the stems with a 
typical 2/5 divergence (Hayward 1938; sometimes referred to as 3/5: Cald¬ 
well 1930, Schlosser 1936). There is no favored direction of the foliar spiral: 
out\)f a group of 50 plants 25 had a left- and 25 a right-hand spiral. It seems 
to be entirely left to chance where the larger gap between the first four leaf 
primordia appears. As mentioned before, the first two foliage leaves are 
practically opposite and develop simultaneously; the next two leaves are 
sometimes almost opposite, but more often they are inserted at different 
levels and have a divergence of less than 180°. Beyond that a normal 2/5 
spiral appears. 

In 17 of 2200 seedlings the first two leaves were not opposite, and a regu¬ 
lar 2/5 phyllotaxis started actually with the first leaf. Almost all these 17 
plants were taller than those with opposite primary leaves. 

In tricotyly the first three leaves develop simultaneously and are of the 
same size and are practically whorled, alternating with the three cotyledons. 
In one plant three whorls of three leaves each developed after the three coty¬ 
ledons. Immediately above the third foliar whorl the stem was bifurcate, the 
two branches having normal foliar spirals in opposite directions. 

In more than 90 per cent of all plants the direction of the foliar spiral 
does not change up to the first flower, so that the direction once established 
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in the seedling persists. But in less than 10 per cent a reversal of the foliar 
spiral occurs between the fifth and fifteenth leaf. Lateral shoots from the 
man stem have an equal chance to follow a left- or a right-hand spiral, irre¬ 
spective of the direction of the foliar spiral in the main shoot, and no pattern 
in their appearance was found. This also attests that the left- or right-hand 
character of the foliar spiral is fortuitous, and is not an inherent or inherited 
characteristic of each individual. 

When the seedling shoot emerges from the soil, microscopical examina¬ 
tion shows only two opposite leaf primordia enclosing a flat and very small 



Figs. 1-4. Vegetative growing points (G.T.) in young tomato plants. Numbers refer 
to order number of leaf primordia. The larger leaves have been removed and their scars 
are numbered. Fig. 5. Normal flower primordium (fasciated) formed after 16th leaf 
primordium. Lateral flower primordium without subtending bract just below terminal 
flower. Fig. 6. Flower primordium, arrested in further development, formed after 4th 
leaf. Figs. 7 and 8. Flower primordia laid down after 7tli and 8th leaf. Figs. 9-13. 
Flower primordia formed after 10th-13th leaf. 

growing point (G.T. in figure 1). From the next stage on, when the first 
leaves are just starting to expand and are only a few millimeters long, the 
growing point is dome-shaped, and the leaf primordia appear in spiral order 
some distance below the dome. Figures 2, 3, and 4 show the growing point in 
different stages of vegetative development of the plant. The leaves are num¬ 
bered in the order in which they appeared on the growing point These fig¬ 
ures show that the primordia are never in contact with each other, and 
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throughout their development remain separate. After 14—20 leaves have been 
initiated, the growing point broadens and is transformed into a terminal 
flower primordium (fig. 5). Occasionally, as seen in this figure, a small num¬ 
ber (1-3) of lateral flowers are initiated as axillaries of bracts and thus con¬ 
tinue the foliar spiral. The subtending bracts of these lateral flowers may 
or may not be apparent, and under the proper conditions (high night tem¬ 
peratures) these bracts can develop into normal leaves (cf. Went 1943). 

In some plants the direction of the foliar spiral reverses without any 
apparent reason. One such ease is shown in figure 15, in which the spiral was 



first inflorescence. Whereas up to the 18th or ,19th leaf a normal right-hand 'f, spiral exists, 
indicated by the ribbon following the insertion, (leaf 18 just above leaf 13), this spiral 
reverses for the next 5-3 whorled leaves. Htem becomes much creased above 18th leaf. 
Axillary shoots from the highest leaves not drawn. Fig. 15. Dichotomy of tomato stem. 
Right hand foliar spiral up to fifth leaf, beyond that left hand spiral which continues in 
both shoots. 

right-hand up to the fifth leaf, but beyond that changed to left-hand. In 
other cases, like in figures 14 and 16, the spiral reverses in connection with 
the formation of the first flower, which will be discussed later. 

Figure 15 also shows another abnormality, namely, true dichotomy of the 
stem. Caldwell (1930) also described dichotomy in tomatoes. Although many 
authors (e.g., Velenovsky 1905) reject the existence of true dichotomy in 
angiosperms, the case of figure 15 seems well-founded. After the seventh leaf 
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the stem branches into two almost equal forks, each with a normal phyllo- 
taxis. In both the same left-hand spiral of the 5th-7th leaf is continued. All 
leaves, including? numbers 5, 6, 7, 8r, 81, 9r, and 91 have normal axillary buds, 
so that neither of the shoots can be considered an axillary shoot. Besides, no 
trace of a flower primordium or aborted leaf is visible. This is important, 
since in the tomato most cases of apparent di- or trichotomy arise in connec¬ 
tion with flowers, and are axillary buds from opposite or whorled leaves just 
below the flowers, while the main axis is terminated by the flower. 



In not more than 10 per cent of the plants which develop dichotomy, an 
apparent duplication of the leaf immediately below the bisection was visible. 
In such cases the petiole was inserted with a wide base, and two axillary 
buds were visible. The end leaflet of this leaf was bifurcate. Here a true 
emulation of two leaves existed. A similar case has been observed in a seed¬ 
ling with the two first foliage leaves grown together along the petiole, and 
having a forked end leaflet. In one case connation of two opposite leaflets 
was found. They emerged as one leaflet on the adaxial side of the leaf rachis, 
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but were still clearly recognizable as two since farther up the leaflet was 
forked. 

Once a true adventitious leaf was observed on a tomato stem (fig. 17). 
It was very small, consisting of only three minute lobes on a thin petiole, 
and it did not interrupt the foliar spiral. There was a normal 144° diver¬ 
gence between the leaves immediately below and above the adventitious leaf. 
An explanation of this case seems simple on the basis of a vertical duplica¬ 
tion of a leaf primordium, since the adventitious leaf was inserted almost 
exactly above the lower leaf. 

Another interesting phenomenon observed in tomato plants whenever 
growing conditions are very favorable, and when both day and night tem¬ 
peratures are fairly high, is the disappearance of apical dominance. As soon 
as the tomatoes have reached a height of 30-40 cm. all lateral buds start to 
grow out, and continue to grow. A number of them may reach almost the 
same growth rate as the main stem, which is not markedly inhibited in its 
growth as long as there are not too many laterals competing with it. This 
phenomenon occurs only when aeration of the roots is optimal, as in gravel 
or coarse sand, or when enough roots have developed above the nutrient solu¬ 
tion on plants grown in water culture. 

Under the same conditions as are necessary for the abolition of apical 
dominance, another phenomenon can be observed. This is the formation of 
from few to many adventitious buds on the rachises of the leaves. This bud 
formation becomes pronounced only when the growth of lateral shoots is pre¬ 
vented, and it starts on older leaves. These adventitious buds can grow out 
into normal leafy shoots, but when too many develop per leaf they remain 
smaller. The same phenomenon has been described for tomatoes by Penzig 
(1894) and Gustafson (1937). 

Flower Initiation. The various stages of the tomato flower primordium 
are described by Hayward (1938). In older plants flowers may be observed 
in almost any stage of development, but young plants do not form flower 
primordia unless at least 13 leaves have been initiated. In exceptional cases 
(1-5 per cent of all plants) tomatoes will produce a terminal flower pri¬ 
mordium in an earlier stage of development. These primordia, however, 
never develop into normal flowers but remain arrested in their growth at 
some early stage of differentiation, although the rest of the plant continues 
to grow. The meristematic cells of such a flower primordium remain isodia- 
metric but enlarge to some extent, so that a stationary and magnified model 
of a young flower is produced, which abruptly terminates the stem. The 
internode between primordium and highest leaf may be as long as or longer 
than the preceding one, so that when the flower development has not pro¬ 
gressed so far that the sepals are growing out, it appears as though the main 
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stem of such a plant had been cut off with a sharp knife. Such abnormal 
plants are easily recognized in somewhat later stages when the axillary buds 
of the upper leaves start to grow out. Sometimes some or all of these termi¬ 
nate in the same way. But the stem developing from the highest normal bud 
will be entirely normal, proving that the abnormality is a modification, and 
not genetically determined. 

In the most extreme cases, observed only a few times, the flower pri- 
mordium was produced after the second to fourth leaf. One such case is 
shown in figure 6. The calyx primordia are barely indicated. The meristem 
has remained indefinitely in the seraimature condition, but is clearly differ¬ 
ent from the rest of,the stem tissue in that no hairs or glands have developed 
on it. The primordia shown in figures 7 and 8 terminated the main stem after 
about 7 leaves had been formed. The sepals are further developed, and indi¬ 
cations of petal primordia are present. When the plants were slightly older 
before the flowers were formed, almost invariably the sepals started to dif¬ 
ferentiate as foliage leaves, as indicated by the lateral lobes at their base, 
which are always absent in sepals. Figures 9,10, 11, and 12 show such sepals. 
The transformation to leaves has not been complete since they have not 
grown out further. In such primordia the place where the carpels should 
develop is mostly occupied by an undifferentiated meristem, sometimes 
superficially pitted, the number of pits corresponding with the number of 
sepal primordia. This phyllody of the calyx can also be observed in lesser 
degree in normal flowers, especially of plants grown in low night tempera¬ 
tures. Schlosser (1936) has investigated a genetically determined case of 
phyllody, and Dana (1939) stressed the correlation between virus attack 
and phyllody of cal 3 "x. 

In primordia formed from the ninth leaf on, the meristem from which 
the flower differentiates enlarges to such extent that fasciated flowers or 
primordia result. Usually the number of sepals is still five, but all other 
flower parts have considerably increased in number. All different stages have 
been encountered, from a simple ribbon-like widening (fig. 12) to spirals 
(fig. 13) and complete ring structures (figs. 10, 11). In the latter petal and 
stamen primordia are formed both along the outside and inside of the ring¬ 
like meristem. In a few primordia (figs. 7, 11) the center of the meristem 
protrudes in a manner suggestive of continuation of the stem meristem, but 
not a single instance has been observed in which a recognizable stem was 
formed in the center of a flower. For this reason it is doubtful whether this 
central protrusion, which never shows further differentiation, has any mor¬ 
phological significance. 

The later the first flower primordium is laid down in the development of 
the plant, the stronger is the fasciation. Therefore the first flower which 
fully develops is invariably strongly fasciated. Anywhere from 15 to 50 
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carpels may develop. Masters (1869) mentions synearpy. Masters and Penzig 
consider many of those fasciated flowers as synanthia, but others are due to 
the natural variability in number of flower parts in the tomato. These super¬ 
numerary carpels are arranged, as would be expected from the primordia 
just described, either in single or branched ribbons, or in rings. In the latter 
case the center of the flower is occupied by a whorl of sepals, followed 
centrifugally by whorls of petals, stamens, carpels, stamens, petals, and 
sepals. Such a case was also described by Rischkov (1938). 

Fruits from fasciated flowers are invariably larger and heavier than 
ordinary fruits which weigh 100-200 g. The heaviest fasciated fruit which 
developed weighed 675 g. Its shape was comparable to that of a brain, since 
the ribbon of carpels was folded and branched like the convolutions of this 
organ. When lateral flowers and fruits are present in the first flower cluster, 
the fasciation of the end flower is never so extreme as when the latter is 
solitary. The lateral flowers are mostly normal 6-merous. 

It seems that differentiation of carpels is only possible when at least 12 
foliage leaves have been formed since germination. With the presence of 
carpels the full development of sepals, petals, and stamens is correlated. 
As an exception to the latter rule the first sepals may change over, after their 
initiation, to foliage leaves. The greater the number of foliage leaves already 
present on the seedling, the larger these transformed sepals grow before 
their development is stopped. Examples are seen in figures 10, 11, and 12. 
In the more advanced stages even an axillary bud is present above each 
sepal (fig. 9) and the stem axis between the sepals and the primordium 
starts to elongate. This was also observed by Masters (1869, i i apostasis 91 ). 
Frequently, after the initiation of this whorl of 3-5 calyx lobes transform¬ 
ing into leaves, the growing point forms a new complete and strongly fasci¬ 
ated flower, which usually does not carry lateral flowers. Therefore in a 
varying percentage of plants, and most frequently in plants growing in high 
night temperatures, the first flower is surrounded by 3-5 more or less 
whorled leaves. Such cases are shown in figures 14 and 16. The insertion of 
these upper leaves at approximately the same height indicates that they do 
not belong to the ordinary foliar spiral. The following other arguments in 
favor of their initiation as sepals can be adduced: 

1) The stem below these whorled leaves is not round, but strongly creased 
and lobed on cross-section (fig. 14). 

2) In one group of 40 plants 34 had 16-20 leaves in a normal foliar spiral 
below the first flower. Six plants had an irregular more or less whorled leaf 
arrangement below the first flower. All of these had 22-26 leaves, of which 
17-19 were placed in a normal foliar spiral, and the upper 3-7 were whorled. 
Figure 18 shows the distribution curve of the number of leaves below the 
first flower, and gives clear evidence that the whorled leaves are “extras.’* 
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3) Still clearer proof of the different nature of the 3—7 whorled leaves in 
the six exceptional plants is found in their arrangement. They are not placed 
in a perfect whorl, but some are inserted higher than the others. In this way 
a spiral may still be traced through them. In only two of six cases the spiral 
through these extra leaves was continuous with the foliar spiral in the lower 
part of the stem, but in the other four cases the spiral changed from left to 
right or the reverse after the 18th or 19th leaf. Such a reversal in spiral 
between foliage leaves and sepals is not uncommon and it proves that these 
upper 3-7 leaves are not started as leaves in the ordinary cycle of leaf initi¬ 
ation in the growing point but belong to a different morphological series. 



Flo. 18. Frequency (ordinate) of tomato plants having different numbers of leaves 
(abscissa) formed before the first inflorescence (crosses and solid line). When the whorled 
leaves are not counted the broken line and circles give the frequency distribution. 


The described abnormalities in pliyllotaxis have not been observed below 
the higher flower clusters in the San Jose ( anner tomato. 

An experiment was carried out in an ordinary greenhouse to determine 
whether the presence of a particular leaf or number of leaves was required 
for flower initiation. Jn an early stage, when only two fully developed leaves 
were present on the plants (meaning that the 10th ledf primordram had just 
been laid down), all leaves were pulled off as soon as they had reached full 
size, and only a few leaves were left. Whex-eas this had a pronounced effect 
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on stem elongation, it hardly affected organ initiation in the growing point 
and the flower primordium was formed after the 15th-16th node irrespective 
of the number of leaves and the type of leaves left. This is another indication 
that flower initiation in the tomato is a “morphological” process, indepen¬ 
dent of external conditions, and occurs after the growing point has gone 
through the cycle of leaf initiation for 15-16 times. 

Only one plant was found which did not conform to the above mentioned 
rules of flower formation and differentiation. Its solitary flower primordium 
was initiated after the 7th leaf, but nevertheless developed into a normal 
flower. There were no functional axillary buds in the leaf axils, so that the 
plant remained 7-leaved. Normal fruit set occurred after anthesis. Only 
after the fruit started to grow did adventitious buds appear on a small callus 
formed in the axil of the highest leaf. 

Morphology of the Inflorescence. Upon superficial observation the 
morphology of the tomato inflorescence may seem very complex. It may be a 
cyme or a simple or branched raceme, leafy or leafless, terminal or seemingly 
lateral, purely generative or with many vegetative axillary shoots. Various 
investigators have already explained part of these variations (Crane 1916, 
Yeager 1927, Bouquet 1931) and including the present observations all can 
be reduced to the following simple scheme. 

After the development of a limited number of leaf primordia the apical 
meristem broadens and transforms into a flower primordium. This is con¬ 
trary to Cooper’s observation (1927) that the first flower of a cluster forms 
in the axil of a leaf. If this is the first flower formed on the young plant, 
sometimes no lateral flowers are present, and a single strongly fasciated 
flower develops. More often a few of the lower organ primordia on the main 
axis have become flower primordia (fig. 5). In that case the flower insertion 
continues the foliar spiral of the shoot, since they are axillary buds in the 
axils of leaves, which either are still discernible as subtending bracts or are 
entirely lacking. To complicate the picture these laterals may either be single 
flowers so that a raceme is formed, or they may develop into 2-3-flowered 
shoots giving rise to a cyme (figs. 20, 21). 

In normal cases the lateral bud of the leaf immediately below the lowest 
flower primordium is purely vegetative, and after growing out, takes over 
the main axis of the plant, forming a sympodium. Generally this lateral bud 
grows up united with the lower portion of the leaf stalk (when pulling a 
young leaf off the shoot, the lateral bud usually remains attached to the 
leaf) so that the inflorescence seems to emerge laterally from the shoot, with¬ 
out a trace of a bract (fig. 19). But invariably the leaf opposite the inflo¬ 
rescence does not have an axillary bud, proving that the shoot above this leaf 
is lateral. There are varietal differences in the number of leaves formed on 
these lateral shoots before the apex becomes generative again, so that in the 
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San Jose Canner tomato an inflorescence appears regularly after every 
fourth or fifth leaf, whereas in other varieties 2 or 3 leaves are formed be¬ 
tween inflorescences. This number is independent of the variations in exter¬ 
nal conditions (nutrition, day and night temperatures, light intensity or 
duration) as used in present experiments. This was more or less to be ex- 



Fjgs. 19-22. Tomato flower stands as developed under different niglit temperatures; 
day temperature, 26.5° 0. All apical flowers (a) are fasciated. Figures 19A-21A are 
hypothetical reconstructions of the branching of these flower stands. A circle stands 
for a leaf, a dotted line for a bract, and a half circle for a flower. Figs. 19 and 19A. 
Niglit temperature 26.5° C. Highly vegetative inflorescence. Main shoot terminates in 
flower a. Leaf 2 and its axillary shoot (which has become main axis) connate. Bracts 3 
and 10 and still visible, bracts 4, 5, and 6 are completely absent, and bracts 7, 8, 11, and 
12 have grown out into normal leaves. Axillary buds of bracts were transformed into 
flowers, of leaves remained vegetative. It is possible that flower c instead of flower b 
terminates the axillary shoot of bract 3, and that the shoot bearing flowers b and / and 
leaves 7 and 8 is a secondary shoot in the axil of (hypothetical) bract 6 . Figs. 20, 20A, 
21, and 21 A. Purely generative inflorescences developed in night temperature of 12° C. 
No trace of subtending bracts can be found. Fig. 22. Night temperature 7° C. Only 
terminal flower has developed on inflorescence. 

pected, since otherwise sueli characters presumably would not have been 
recognized by Schlosser (1938) as based on genes. 

When the inflorescences develop while the plants are subjected to high 
night temperatures (20or 26° C) the lateral shoots below the apical flower pri- 
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mordium are partly leafy, and terminate in 1-3 flower primordia each (fig. 
19). This gives rise to a remarkably complex inflorescence, for in each leaf 
axil a lateral bud develops bearing some leaves and a terminal flower. This 
leads to a profusely branched leafy inflorescence, with mostly solitary 
flowers scattered all through it and seemingly arising laterally from its axis. 
When the plants are kept at night temperatures of 10° and 5° C, no leaves 
develop on the inflorescences, which are simple racemes or few-flowered 
cymes (figs. 20, 21, 22). At intermediate night temperatures (15,° C) an 
intermediate number of leaves grows on the cymes. These temperature effects 
are evident only many weeks after the plants have been exposed to them, so 
that transfer of the tomatoes from one to another night temperature treat¬ 
ment does not result in change of the inflorescences already initiated. 

Temperature also has an effect on the size of the developed flowers, but 
low night temperatures or low light intensities do not materially decrease the 
number of flower primordia initiated per inflorescence. This means that in 
the tomato the flower initiation is primarily a morphological process in the 
sense of Sachs (1893), influenced by internal organization and genetic con¬ 
stitution rather than by external factors. Flowering in the tomato is photo- 
periodically indifferent, as confirmed in the present work. 

DISCUSSION 

Many of the phenomena described in this paper are abnormalities, or in 
other words, occur only occasionally. This does not reduce their value for 
morphological considerations: on the contrary, the author feels that all the 
observations have given him a much better insight into the normal develop¬ 
ment of the tomato plant and the potentialities of its meristcms. Rischkov 
(1938) has recently discussed the importance of teratology for morphol¬ 
ogy and developmental mechanics in plants and concludes: “Teratological 
phenomena make possible the investigation not only of the prospective 
potentialities of different plant organs, but also of the phenomena of correla¬ 
tive and autonomous differentiation, of polarization of the meristem, etc.” 

All described observations of the morphology of the tomato plant not 
only give a better understanding of its development, but also contribute to 
morphological concepts. They strongly support the views of Sachs (1893) 
that we have to distinguish between initiation, determination, elongation, 
and maturation in the development of an organ. It has been shown that 
leaves can be initiated either as leaves in a normal 2/5 spiral, or as calyx 
lobes approximately in a whorl. The second developmental stage, determina¬ 
tion, decides the nature of the initiated organ. It was found that neither 
initiation nor determination is affected by the external conditions which are 
most important for fruit-set and vegetative development of the tomato. This 
is exactly what Sachs meant by grouping initiation and determination to- 
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gether as the morphological stage, when development is ruled by internal 
forces such as genetic constitution, and is rather independent of changes in 
the external conditions. The elongation and maturation on the other hand 
(Sachs’ physiological stage) is almost entirely dependent on the prevailing 
conditions of the surroundings, especially night temperature (Went 1943). 
In addition we have to distinguish between the vegetative growing point and 
the flower meristem into which it is transformed after the first 13-17 leaves 
have been initiated. No external conditions were found to influence this 
transformation. In fully developed plants the transformation of the apical 
meristem and of the higher laterals occurs regularly after initiation of 4 or 5 
leaves, but in young plants 13 or more foliage leaves must have been initi¬ 
ated before a flower can fully develop. In exceptional cases the transforma¬ 
tion may take place earlier in the life of the tomato plant, but then initiation 
and determination of the flower-parts is defective and does not proceed be¬ 
yond an early stage of development. Independently of the poor organ devel¬ 
opment the generative meristem widens and enlarges proportionally to the 
number of previously initiated leaves. It almost seems as if the plant con¬ 
tinuously forms a limited amount of material required for the formation of 
a flower meristem. This usually is released for the first time after the 13th- 
17th leaf, and is then in such excess that a faseiated flower results. Com¬ 
pletely independent of the materials for flower meristem formation are the 
determination factors for the different flower-parts. They become available 
in sufficient amounts only after the 13th-17th leaf. Earlier the calyx pri- 
mordia only develop, with the aid of leaf growth factors, into seemingly 
normal leaves, but although a large flower meristem is present and organ 
primordia are initiated, they do not develop into petals and stamens. 

The observations also strongly support the view of Gregoire (1938) on 
the nature of the flower. No facts were found which support the idea that the 
tomato flower is a foreshortened vegetative shoot. On the contrary, phyllo- 
taxis is not continuous from normal foliage leaves to leaves transformed 
from calyx lobes. The meristem of the flower is radically different from the 
vegetative growing point: whereas the latter very seldom broadens into a 
fasciation, and rarely widens enough to cause the stem to branch dichoto- 
mouslv, the first flower primordium is invariably faseiated. But notwith¬ 
standing the great plasticity of the flower meristem no reversion to a vege¬ 
tative meristem was ever observed in these tomatoes. 

In view of these facts it seems desirable to extend Sachs’ scheme of 
growffh of the stem and its derivative organs as follows: 

A. Meristematic or morphological stages. Growth mainly by cell division; 
largely independent of external conditions. (Some exceptions to this 
rule are noted.) 
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1. Transformation. Meristem as a whole is vegetative or transforms 
into a flower primordium. In a number, of plants this transforma¬ 
tion is affected by length of day. 

2. Initiation. Number and place of organs is established. Blaauw 
et al. (1932) showed that in the tulip flower temperature affects 
the number of flower parts initiated. 

3. Determination . Nature of initiated organ becomes established. 
Differentiation of tissues starts. Organ attains its essential form. 
May be influenced by level of nutrition (De Vries 1903). 

3 bis. Dedifferentiation. Differentiated cells become meristematic 
again and may give rise to any structure. Occurs in case of regen¬ 
eration of new organs on old ones. In many instances high auxin 
concentrations cause dedifferentiation. 

B. Physiological stages, easily influenced by external conditions. 

4. Elongation. Increase of embryonic organ to final size, mainly 
through cell enlargement. 

5. Maturation. Pinal chemical changes in the full grown cells and 
tissues. 

In the described tomatoes al] stages of fasciation as summarized by 
Schoute (1936) were observed: typical fasciation both in vegetative and 
generative meristems, and radiate and ring meristems in flowers. In addition 
spiral fasciation was observed in a flower primordium, comparable with 
biastrepsis in stems. On the other hand no connations in stems were found. 
The typical fasciation is present in a very modest degree in vegetative stems, 
and there usually leads to dichotomy. In most cases the foliar spiral has 
started to show abnormalities some nodes below the dichotomy, and then no 
conclusion can be reached as to the relation of the direction of the foliar 
Spiral in the two branches to the original direction. In some of these cases the 
two branches had opposite spirals. But in two stems where dichotomy oc¬ 
curred practically without previous phyllotactical disturbance, both branches 
followed the original direction of the foliar spiral. 

Tricotvledonous plants are interesting in connection with fasciation. We 
have to assume that such a condition arises through enlargement of the 
growing point, so that three instead of two cotyledons can be initiated 
simultaneously in-a whorl. This enlarged growing point persists for a shorter 
or longer period afterward, so that the first leaves also form in a whorl of 
three. Then either the size of the growing point decreases again to normal 
and a $ phyllotaxis appears, or the whorled condition persists until the en¬ 
larged growing point splits in two and true dichotomy results. In most other 
cases (except fig. 15) dichotomy is preceded by an increased number of leaves 
in the foliar spiral, decreasing the divergence to well below 120°. This also 
indicates enlargement of the growing point previous to the actual bifurca¬ 
tion. 
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SUMMARY 

The more important abnormalities observed in the development of the 
tomato plant are as follows: 

Anomalous phyllotaxis occurs in 5-20 per cent of the plants just below 
the first inflorescence. The upper 3-7 leaves are supernumerary and appear 
more or less whorled. Since all intermediate stages between a normal calyx 
primordium and a normal leaf complete with axillary bud have been found, 
it is concluded that these upper whorled leaves are transformed calyx 
primordia. 

Flower primordia develop into normal flowers only after the 14th-17th 
foliage leaf. Flower primordia initiated before so many leaves are formed 
remain arrested in early stages of development and differentiation, but 
enlarge to some extent. In this way models of flower primordia are produced, 
which clarify a number of problems connected with flower initiation. 

The influence of temperature on some of these morphogenetic processes 
is described. 

Various forms of faseiation, especially in flower primordia, are observed 
and described. 

William G. Kerckhoff Laboratories of tiie Biological Sciences 
California Institute of Technology 
Pasadena, California 
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PECULIAR FERN PROTHALLIA 

W. N. Steil 

INTRODUCTION 

In several cultures of gametophytes of a species of Tectaria, 1 the spores 
of which were obtained from the Botanical Garden of Leiden, Holland, 
April 20, 1935, there appeared a number of peculiar gametophytes of an¬ 
other fern, undoubtedly of a Dryopteris species. Young sporophytes pro¬ 
duced by the gametophytes of the fern were typically those of Dryopteris. 
In a number of other cultures made later from sowings of spores obtained 
from the same Botanical Garden, the observations herein described have 
been confirmed. 

The cultural conditions under which the gametophytes were grown have 
been described by the author (1919). 

THE VARIEGATED GAMETOPHYTE 

The prothallia were examined from time to time, but showed no pecu¬ 
liarities until they became quite large and heart-shaped, when definite 
regions of different degrees of intensity of color, varying from green to 
white, made their appearance. Several well defined regions of this nature 
are shorn) in a photomicrograph (fig. 1) of the anterior portion of a pro- 
thallium. Just posterior to the apical notch is represented a triangular light 
green region almost completely surrounded by a nearly albinie one. Other 
portions of the prothallium are also characterized by nearly albinie cells. 
When tin* cells of fhe regions of the gametophyte, which appeared almost 
white, were examined under the microscope, it was readily observed that 
they contained fewer and smaller as well as paler plastids than the ordinary 
cells of the prothallium. The walls of these cells are also thinner than those 
of the darker green (‘ells (fig. 1). The outer portions of the lobes of the 
gametophyte are composed, to a considerable extent, of cells which contain 
so many ordinary chloroplasts that the cells appear black in the photomicro¬ 
graph. A variegated secondary gametophyte with several nearly albinie 
portions is represented by figure 2. A gametophyte originating from one 
of the lobes of the secondary gametophyte possesses only green cells. 

In some of the gametophytes, no such definite regions varying in inten¬ 
sity of color as described above are present. Instead, the chlorophyllose and 
the nearly albinie regions are composed of smaller or larger groups of cells 
(figs. 3,4,6). 

1 Labeled Vryopleris trifolinivm. It has been impossible to obtain fronds of the fern 
for positive identification. 
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X 35 Fig. 2 A photomicrograph of a secondary gametophyte. Several nearly albinie 
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gametophyte showing the nearly wfiite and the dark-green portion, x 40. Fig 4 A photo 
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These regions of the gametophyte just described were generally quite 
common, especially in the apical portion, and also occasionally in the pos¬ 
terior region of the prothallium. 

The majority of the primary and the secondary gametophytes (fig. 2) 
were characterized by definite regions varying from dark green to nearly 
white. 

The regions of triangular form originate, no doubt, from segments of 
the apical cell. When the apical cell divides, it loses chloroplasts to its adja¬ 
cent segments on either side. Hence, further divisions of the segments may 
result in a nearly white or a pale green region as the apical cell continues 
to divide. If, at an early stage in divisions of the segments, the chloroplasts 
continue to multiply, other zones outside of the original triangular region 
may be produced. 

The regions of white or pale green in other portions of the gametophyte 
cannot be accounted for in the manner described. The formation of lighter 
and darker regions involve, no doubt, ordinary cells of the gametophyte. 
Since such cells retain their power to divide for only a short time, the regions 
of pale green or nearly white are much limited in size. These gametophytes 
are similar to those first described by Andersson (1923) in Adiantum 
cuneatum , and later in other species of ferns by Andersson-Kotto (1930, 
1931) who made a detailed study of such gametophytes in several ferns and 
showed that the variegation is hereditary. 

The peculiar gametophytes described by the author, no doubt, also owe 
their nature to hereditary factors and not to a virus or to cultural condi¬ 
tions under which the gametophytes were grown. 

SEX-ORGANS 

The prothallia of the cultures when examined on July 5, 1935, had grown 
to a large size and bore antheridia and archegonia on both ventral and dorsal 
sides. Since the gametophytes were grown in Erlenmever flasks placed on a 
glass plate, which admitted light also from below, the illumination of the 
two surfaces of the gametophyte was nearly equal. Hence, the development 
of the sex-organs on the two surfaces was due to an environmental condi¬ 
tion. Tn the second set of cultures, made at a later time, the prothallia were 
illuminated only on the upper side and were then observed to produce sex- 
organs and rhizoids on only the ventral side. 

The cushion of the older prothallia frequently appeared to be of unusual 
thickness and it produced a large number of “archegonial projections” 

gametophyte showing a thickened process produced as an outgrowth of the apical notch, 
x 25. Fig. 7. A photomicrograph of a portion of a gametophyte w ith tracheids a short 
distance hack of the apical notch, x 120. Fig. 8. A photomicrograph of a gametophyte 
with sporangia-like structures produced in the sinus region of the gametophyte. x 25. 

Stated magnifications are approximate. The author is indebted to Professor F. A. 
Bautsch, S.J., for the photomicrographs. 
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(fig. 5) similar to those described by Heim (1896) in Doodya caudata . 
Secondary prothallia in large numbers were formed from these archegonial 
projections. The antheridia at an early stage in their development often 
produced secondary prothallia. Frequently antheridia originated from the 
lid cell, or a ring cell of the antheridium. Sometimes the single initial cell 
of an antheridium was observed to form a short filament which produced a 
prothallium. The formation of secondary antheridia from the lid cell or 
from one of the ring cells of the antheridium was of common occurrence. 
The formation of these secondary prothallia and secondary antheridia are 
similar to those described by Steil (1921) in Polypodium irioides. 



Fig. 9. A photomicrograph of a variegated gametophyte of a Dryopteris species, x 40 
(approx.). 


APOGAMY 

Usually a lobe was produced in the sinus region of a gametophyte which 
had grown to large size (figs. 6, 7). The prothallium occasionally formed a 
plate of cells or a cylindrical outgrowth from the apical notch similar to 
that described by Farlow (1874), and Steil (1918, 1919, 1933, 1939) and 
others in gametophytes of apogamous ferns. Tracheids could be readily 
observed in the gametophyte, usually a short distance from the apical 
notch (figs. 7, 8, 9). Frequently outgrowths enlarged at their distal ends 
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were produced in the apical notch (figs. 1, 8). The enlarged portion, nearly 
spherical in form, was composed of a definite layer of outer cells and of 
inner cells of large size and nearly spherical in form. These structures, no 
doubt, were sporangia, each containing cells resembling spore mother cells. 
Similar non-functional sporangia originating from the gametophytes of the 
fern have been described by Lang (1898, 1929). It is obvious that sporangia 
of this nature, although abortive, are of apogamous origin. 

SUMMARY 

1. The gametophyte of a fern, undoubtedly of a Dryopteris species, is 
described. 

2. A large proportion of the gametophytes were variegated. The trait 
is of a hereditary nature. 

3. The gametophyte, typically heart-shaped, of large size, and bearing 
numerous hairs, produced antheridia and arehegonia in large numbers. 

4. The antheridia produced gametophytes and secondary antheridia. 

5. The arehegonia produced from their neck cells normal gametophytes 
and antheridia. 

6. Arehegonia frequently formed “archegonial projections” which 
finally produced heart-shaped prothallia, resembling in all respects the 
primary ones. 

7. Antheridia, arehegonia and rhizoids in one set of cultures were 
formed on both surfaces of the gametophyte. 

8. The gametophyte, so far as could be determined, always produced 
the embryo apogamously. 

9. Sporangia-like structures were occasionally formed from the sinus of 
the gametophyte. 

Marquette University 
Milwaukee, Wisconsin 
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Gard. 30: 327-396. f. 44-69. 3Q S 3943. 

Beetle, A. A. The North American variations of Distichlis spicaia. Bull. Torrey 
Club 70: 638-650. f. 1-1ST. 16 N 1943. 

Beetle, A. A. Notes on the distribution of California grasses. Lead. West. Bot. 
3: 258-260. 18 N 1943. 

Benson, L. Revisions of status of southwestern desert trees and shrubs. II. Am. 
Jour. Bot. 30: 630-632. O [N] 1943. 

Boissevain, C. H. Validation of Opuntia rhodantha Shinn, var. spinosior Boisse- 
vain & Davidson. Cactus & Slice. Jour. 15: 138. S 1943. 

Booth, W. E. A new species of Vesehampsia. Rhodora 45: 414. 9 O 1943. 

Bums, Gk W. The type of’ Saxifraga pensglvanica L., ssp. interior , ssp. nov. 
Am. Midi. Nat. 30: 524. S [O] 1943. 

Copeland, E. B. Ferns of the second Archbold Expedition to New Guinea. Jour. 
Arnold Arb. 24: 440-443. 15 O 1943. 

Cory, V. L. The genus Sti/rax in central and western Texas. Madrono 7: 110- 
115.34 0 1943. 

Croizat, L. Euphorbiaceae Cactaceaeque novae vel critieae Colombiana. I. Cal- 
dasia 7: 123-139. /. 1. 30 Je 1943. 

Croizat, L. Notes on Cere us and Aeanthoeereus. Caldasia 7: 317-122. 30 Je 
1943. 

Croizat, L. Preliminari per uno studio del genere Julocroton Martius. Rev. Arg. 
Agron. 10: 117-145. Je 1943. 

Croizat, L. Preliminari per uno studio del genero Manihot nell America meridion- 
ale. Rev. Arg. Agron. 10: 213-226. S 3943. 

Croizat, L. What iR the cephalium of Melocactus? Cactus & Suce. Jour. 15: 
137, 138. /. 12. S 1943. 

Cronquist, A. The separation of Erigeron from Conyza. Bull. Torrey Club 70: 
629-632. 16 N 1943. 

Cuatrecasas, J. Cucurbitaceae novae Colombianae. II. Caldasia 7: 141-148. 
f. 1-4. 30 Je 1943. 
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Laughlln, E. E. Flora of Barnesville, Ohio and vicinity. Jour. Gray Mem. Bot. 
Assoc. 11: 8-12. N 1943. 

LI, Hui-Lin The genus Stachyums. Bull. Torrey Club 70: 635-628. /. 1-14, 
16 N 1943. 

LI, Hui-Lin Notes on the flora of Kwangsi Province, China. J our. Arnold Arb. 
24: 444-459. 15 O 1943. 

Looser, Gh Chcnopodium Quinoa un cultivo que desaparece de Chile. Rev. Arg. 
Agron. 10: 111-113. Je 1943. 

McBride, J. F. Flora of Peru. Field Mus. Bot. Ser. 133: 1-507. 11 O 1943. 
Merrill, E. D. & Perry, L. M. Plantae Papuanae Archboldianae, XIII. Jour. 
Arnold Arb. 24: 422-439. 15 O 1943. 

Millan, B. Los znpallos Bugango y Angola. Rev. Arg. Agron. 10: 192-397. pi, 
6, 7 + f. 1, Je 1943. 

Miranda, F. Plantas notables del 8. O. del Estado de Pueblo. An. Inst. Biol. 
[Mexico] 14: 29-36. /. 1-4. O 1943. 

Parker, D. Comparison of aquatic and terrestrial plants of Tsoetcs Engelmanni 
in the Mountain Lake, Virginia, area. Am. Midi. Nat. 30: 452-455. S [O] 
1943. 

Paxodi, L. B. Los bambues cultivados en la Argentina. Rev. Arg. Agron. 10: 
89-110. pi. 2, 3 + /. 1-3. Je 1943. 

Polunin, N. Contributions to the flora and phytogeography of southwestern 
Greenland, an enumeration of the vascular plants, with critical notes. 
Jour. Linn. Soc. Bot. 52: 349-406. 11 O 1943. 

Porsild, A. E. Materials for a flora of the continental Northwest Territories of 
Canada. Sargentia 4: 1-79. 25 8 1943. 

Baup, H. M. The willows of the Hudson Bay region and the Labrador Peninsula. 
Sargentia 4: 81-135. pi. 1-4. 25 8 1943. 

Rehder, A. Forsythia Vahl, nomen genericum conservandum. Jour. Arnold Arb. 
24: 482, 483.15 O 1943. 

Bivera M., L Algunas plantas medicinales de Izucar de Matamoros y Pueblos 
Anexos. An. Inst. Biol. Mex. 14: 37-67. /. 1-4. O 1943. 

Rodrigo, A del P. Hibiscus esculentus cultivado en la Argentina. Rev. Arg. 
Agron. 10: 235-238. f. 1. 8 1943. 

Bosengurtt, B. Flora de Palleros. Estudios sobre praderas naturales del Uru¬ 
guay. 3 Contribucion. 123-268. f. 72-95. 8 Je 1943. 

Schultes, B. E. Contribuciones al conocimiento de la botanica de Oaxaca. III. 
Notas sobre la historia y la distribucion de Bhodochiton volubile. (1). An. 
Inst. Biol. Mex. 14: 137-140. Q 3943. 

Schultes, B. E. Plantae Colombianae. IV. Una planta estimulante del Putumayo. 

Rec, Fac. Nac, Agron. 5 20 : 59-79. illust. 1943. 

Schweinfurth, C. A new SieveMngia with an old name. Am. Orchid Soc. Bull. 
12: 176-178 .1 pi. 1 O 1943. 

Schweinfurth, C. Nomenclatorial note on a South American orchid. Bot. Mus. 
Leafl. 11: 171, 172. 10 N 1943. 

Schweinfurth, C. Orchidaceae peruvianae, V. Bot. Mus. Leafl. 11: 81-120. pi. 
6-13. 8 O 1943. 

Sherff, E. E. Some additions to our knowledge of the genus Schiedea Cham. & 
Schlecht. Am. Jour. Bot. 30: 606-608. O [N] 1943. 

Silveus, W. A. Grasses—classification and description of species of Paspalum 
and Panicum in the United States, i-x, 1-526, The author, San Antonio, 
Texas. 1942. 
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Smith, A. 0. Studies of South American plants, X: Noteworthy Myristicaceae 
and Vacciniaceae. Jour. Arnold Arb. 24: 460-471. 15 O 1943. 
Sumxnerh&yes, V. S. African orchids. XIII. The leafless angraecoid orchids. 

Bot. Mus. Leafl. 11: 137-170. 10 N 1943. 

Bvenson, H. K. Cyperaceae. Jn Flora of Panama, Part 2, Fasc. 2. Ann. Mo. 

Bot. Gard. 30: 281-324. pi. 1+f. 32-43. 30 S 1943. 

Swailen, J. E. Nine new grasses from Mexico. Proc. Biol. Soc. Wash. 66: 77- 
83. 10 8 1943. 

Transeau, E. N. Two new Ulotrichales. Ohio Jour. Sci. 43: 212, 213. N 1943. 
Wagnon, K. A. A Biswell, H. H. Two types of broad-leaf Era (Hum in California. 
Madrono 7: 118-125. f. 1-3. 14 O 1943. 

Weatherby, C. A. An unusual habitat for Cuscuta compacfa. Rhodora 46: 416. 
9 O 1943. 

Weber, W. A. Vigethia, a new genus of Compositae based on Wyrthia mexicana 
Watson. Madrono 7: 97—100. pi. 20 +f. 1. 14 O 1943. 

Wheeler, 1«. C. The genera of the living Euphorbieae. Am. Midi. Nat. 30: 456— 
503. 8 [O] 1943. 

Wickes, M. L. Mosses of Labrador. Bryologist 46: 91-102. /. 1. S 1943. 
Woodson, E. E., et al. Oyelantliaceae. Jn Flora of Panama, Part 2, Fasc. 2. 

Ann. Mo. Bot. Gard. 30: 396-403. /. 70-72. 30 S 1943. 

Wynne, F. E. A Steere, W. C. The bryophvte flora of the east coast of Hudson 
Bay. Bryologist 46: 73-87. 8 1943. 

Yuncker, T. G. The flora of Niue Island. Bishop Mus. Bull. 178: 1-126. pi. 1-4. 
18 Je 1943. 

MORPHOLOGY 

(including anatomy, and cytology in part) 

(See also under Plant Physiology : Painter) 

Allen, G. S. The embrvogeiiy of Pxevdotxiiga taxifolia (Lnmb.) Britt. Am. 

Jour. Hot.. 30: 655-601. f. 1SS. O | N] 1943. 

Bailey, I. W. & Naat, C. Oh The comparative morphology of the Winteraceae II. 

Carpels. Jour. Arnold Arb. 24: 472-480. pi. 1—6. 15 () 1943. 

Beal, J. M. Histological studies on parthenocarpie fruits of JJlium regale in¬ 
duced by growth substances. Bot. Gaz. 106: 25-34. f. 1—8. 8 [18 O] 1943. 
Duncan, E. E. A Schubert, C. K. Flower behavior upon pollination in Phalae- 
nopsis Lueddcmanniaua. Am. Orchid. Soc. Bull. 12: 200-203. pi. 1+f. 
1-4. 3 N 1943. 

Esau, K. Vascular differentiation in the vegetative shoot of Linum. Ill, The 
origin of the bast fibers. Am. Jour. Bot. 30: 579—586. f. 1-12. O [N] 1943. 
Foster, L. T. Morphological and cytological studies on Carica papaya. Bot. 

Gaz. 106: 116-126. /. 1-41. S [13 OJ 1943. 

Priestley, J. H. The cuticle in Angiosperms. Bot. Rev. 9: 593-616. N 1943. 
Eagonese, A. E. A Marc6, P. E. Influencia del fotoperiodo sobre la formacidn 
de flores cleistdgamas y chasmogamas en cebadilla criolla. Rev. Arg. 
Agron. 10: 178-185. /. 1. de 1943. 

Eeeve, E. M. Comparative ontogeny of the inflorescence and the axillary 
vegetative shoot in Garry a cllipiica. Am. Jour. Bot. 30: 608—619. pi. 1—4. 
O [N] 1943. 

Schnack, B. A Oavia, C. E. Un tipo sexual anormal en Cncurbito pepo. An. 

Inst. Fito. Santa Catalina 3: 21-28. pi. 5 f. 1A, IB. 1943. 

Schopf, J. M. The embryology of J^arix. Ill. Biol. Monog. 19: 1—97. pi. 1—6 + f. 
1-47. [N] 1943. 
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CUnnott, E. W. & Bloch, R. Development of the fibrous net in the fruit of various 
races of Luff a cylindrica. Bot. Gaz. 105: 90-99. f. 1-14. 8 [13 O] 1943. 
Whitehead, M. R. A Mitchell, J. W. Effects of nutrient, photoperiod, and night 
temperature on the development of guayule seeds. Bot. Gaz. 105: 14-24. 
8 [13 O] 1943. 

Young, J. O. Histological comparison of cucumber fruits developing partheno- 
carpically and following pollination. Bot. Gaz. 105: 69-79. /. 1-17. 8 [13 
O] 1943. 

PLANT PHYSIOLOGY 

(See also under Mycology: Scott. Thomas & Thomas) 

Albaum, H. Gh A Umbreit, W. W. Phosphorus transformations during the develop¬ 
ment of the oat embryo. Am. Jour. Bot. 30: 553-558. f. 1-3. O [N] 1943. 
Bailey, L. F. & McH&rgue, J. S. Copper deficiency in tomatoes. Am. Jour. Bot. 
30: 558-563. /. 1 , S. O [N] 1943. 

Beck, W. A. A Andrus, B. The osmotic quantities of the cells in the hypocotyl of 
Eclianthus annuus seedlings. Bull. Torrey Club 70: 563-599. /. 1-5. t. 1-5. 
16 N 1943. 

Borthwick, H. A., Parker, M. W. & Scully, N. J. Effects of photoperiod and tem¬ 
perature on growth and development of Kok-saghyz. Bot. Gaz. 105: 100- 
107./.I. 8 [13 0] 1943. 

Bunzell, H. H. A new constituent in wheat germ oil. Bull. Torrey Club 70: 599- 
604. f.1.1.1-5. 16 N 1943. 

Gardner, F. E. A Cooper, W. C. Effectiveness of growth substances in delaying 
abscission of Coleus petioles. Bot. Gaz. 106: 80-89. /. 1-4. 8 [13 O] 1943. 
Johnson, E. L. Plant responses induced by certain chemical growth-regulators. 

Univ. Colo. Stud. D 2: 13-24. /. 1-7. Au 1943. 

Juday, C., Blair, J. M. A Wilde, E. F. The photosynthetic activities of the aquatic 
plants of Little John Lake, Vilas County, Wisconsin. Am. Mid. Nat. 30: 
426-446. 8 [O] 1943. 

Lincoln, R. E. el al. Provitamin A and vitamin C in the genus Lycoperxicon. Bot. 
Gaz. 105: 113-115. S [13 O] 1943. 

Long, E. M. The effect of salt additions to the substrate on intake of water and 
nutrients by roots of approach-grafted tomato plants. Am. Jour. Bot. 30: 
594-601. f. 1-4. O [N] 1943. 

Marth, P. C. A Hamner, C. L. Vegetative propagation of Taraxacum Tcok-sagftyz 
with the aid of growth substances. Bot. Gaz. 105: 35-48. f. 1—10. 8 [13 O] 
1943. 

Painter, T. S. Cell growth and nuclei acids in the pollen of 1Ihoeo discolor. Bot. 
Gaz. 105: 58-68. f. 1-22. 8 [13 O] 1943. 

Pratt, R. Studies on Chlorella vulgaris. VIII. Influence on photosynthesis of pro¬ 
longed exposure to sodium bicarbonate and potassium bicarbonate. Am. 
Jour. Bot. 30: 626-629. f. 1-3. O [ N] 1943. 

Rawitscher, F. K. A Guimar&es, F. M. Observances sobre a metodologia para o 
estudo da transpiragao cuticular em plantas Brasileiras, especialmente em 
Cedrela fissilis. Bol. Fac. Fil. Cienc. Let. Univ. Sao Paulo Bot. 3: 115-137. 
/. 1-6. 1942. 

Robbins, W. J. A Kavanagh, V. Growth of excised roots of polyploid tomatoes. 
Am. Jour. Bot. 30: 602-605. O [N] 1943. 

Steinita/L. M. The effect of lack of oxygen on mitosis in barley. Am. Jour. Bot. 
30: 622-626. /. 1.0 [N] 1943. 
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GENETICS 

(including cytogenetics) 

Bradley, M. V. & Goodspeed, T. H. Colchicine-induced alio- and autopolyploidy in 
Nicotiana. Proc. Nat. Acad. 29: 295-301. ON 1943. 

Carey, M. A. & McDonough, E. S. On the production of polyploidy in Allium with 
paradichlorbenzene. Jour. Hered. 34: 238-240. /. 5. An [O] 1943. 

Chandler, C. The number of chromosomes in two species of Amorphophallus . Bull. 
Torrey Club 70: 612-614. /. 1,2 . 16 N 1943. 

Chilton, St. J. P. A heritable abnormality in the germination of chlamydospores 
of Ustilago zeae. Phytopathology 33: 749-765. /. 1,2. 8 1943. 

Emsweller, S. L. & Brierley, P. Effects of high temperature on metaphase pairing 
in Lilium longiflorum. Rot. Gaz. 105: 49-57. /. 1-18. 8 [ 13 O] 1943. 

Heyne, E. G., Wiebe, G. A. & Painter, R. H. Complementary genes in wheat caus¬ 
ing death of h\ in plants. Jour. Hered. 34: 243-245. /. 8 . Au [O] 1943. 

Horovitz, S. Nuevo gen del cuarto cromosoma de Maiz. An. Inst. Fito. Santa 
Catalina 3: 13-19. pi. S, 1. 1943. 

Horovitz, S., Marchioni, A. H. & Fisher, H, G. 101 factor su el aumento del con- 
tenido de Azucar, en el Maiz para choclo. An. Tnst. Fito. Santa Catalina 
3: 37-44. pi. 6. 1943. 

Krug, C. A. & Bacchi, O. Triploid varieties of citrus. Jour. Hered. 34: 277-283. 
/. 2-f>. S [N] 1943. 

Perak, J. T. Nurnero de cromosomas de algunas espeeies de Horde urn espontaneas 
en Argentina. An. Inst. Fito. Santa Catalina 3: 7-11. pi. 1, 2. f. 1. 1943. 

Ryan, F. J. Crossing-over and second division segregation in fungi. Bull. Torrey 
Club 70: 605-611. f. 1-2. 16 M 1943. 

Sax, K. & Brumfield, R. T. The relation between x-ray dosage and the frequency 
of chromosomal aberrations. Am. Jour. Bot. 30: 564-570. O [N] 1943. 

St akin an, E. C. et al. The inheritance of a white mutant character in Ustilago 
seat. Phytopathology 33: 943-949. f. /, 2. O 1943. 

Swanson, C. P. Secondary association of fragment chromosomes in generative 
nucleus of T rad mean Ha and its bearing on their origin. Bot. Gaz. 105: 
108-112. f. 1-6. 8 [13 O] 1943. 

Vallega, J. Especializacion fisiologica de Vaccinia gram in is tritici en Brasil. An. 
Inst. Fito. Santa Catalina 3: 29-36. 1943. 

MYCOLOGY AND PHYTOPATHOLOGY 

(See also under Plant Physiology : Bailey & MeHargue; 
under Genetics: Chilton; Ryan; Stakman) 

Baker, K. F. Sphaerotheca hamuli var. fuliginea on Delphinium in California. 
Phytopathology 33: 832-834. S 1943. 

Bald, J. G. Estimation of the leaf area of potato plants for pathological studies. 
Phytopathology 33: 922-932. O 1943. 

Bennett, C. W. Influence of contact period on the passage of viruses from cion to 
stock in Turkish tobacco. Phytopathology 33: 818-822. S 1943. 

Bitancourt, A. A. & Jenkins, A. E. Elsinoe viticola . Mycologia 35: 510-516. /. 1. 
8-0 1943. 

Bitancourt, A. A. et al. The relations of wood alterations in psorosis of citrus to 
tree deterioration. Phytopathology 33: 865-883. /. 1-9 . O 1943. 

Coker, W. C. & Beers, A. H. The Boletaceae of North Carolina, i-viii, 1-96. Univ. 
North Carolina, Chapel Hill. 1943. 

Cooley, J. S. Armillaria root rot of fruit trees in the eastern United States. Phy¬ 
topathology 33: 812-817. S 1943. 
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Frezzi, M. J. A M&cola, T. Phytophthora palmivora , causante de la Podredumbre 
morena de los frutos citricos en Cordoba (Argentina). Rev. Arg. Agron. 
10: 227-230. pi 6 + f. 1. S 1943. 

Henry, L. K. Pore fungi of western Pennsylvania (11) The more common larger 
members of the genus Polyporus and some common members of other genera. 
Carnegie Mus. Bot, Pamphlet 3: 1-15. Must. 28 O 1942. 

Huberman, M. A. Simscald of eastern white pine, Pinus strobus L. Ecology 24: 
456-471. /. 1-7. O 1943. 

Linder, D. H. New species of Sphaeropsidales and Melanconiales. Mvcologia 35: 
495-502. /. 1. 8-0 1943. 

Long, W. H. Studies in the Gasteromycetes. VIII. Battarrea laciniata . Myco* 
logia 35: 546-556. /. 1-6. 8-0 1943. 

Martin, G. W. The generic name Auricularia. Am. Midi. Nat. 30: 77-82. J1 [8] 
1943. 

Morse, £. E. Study of a new Tricholoma. Mycologia 35: 573-581. /. 1-11. 8-0 
1943. 

Mundkur, B. B. Indian species of Phakopsora and Bubalcia. Mycologia 35: 538- 
545. 8-0 1943. 

Murrill, W. A. Additions to Florida fungi. Mycologia 35: 528-537. 8-0 1943. 
Murrill, W. A. More new fungi from Florida. Lloydia 6: 207-22S. 8 [N] 1943. 
Niederhauser, J. S. A bacterial leaf spot and blight of the Russian dandelion. 
Phytopathology 33: 959-961. O 1943. 

Olive, L. S. Cytology of various basidial types in the genus Septobasidium . My¬ 
cologia 36: 557-572. /. 1-3. 8-0 1943. 

Rischkov, V. L. The nature of ultra-viruses and their biological activity. Phy¬ 
topathology 33: 950-955. 0 1943. 

Ruiz O., M. Estudio de una neuva variedad de Rhodotorula min id a (Saito) Har¬ 
rison, Aislada de las ascamas de la Piel hurnana. An. Inst. Biol. [Mexico] 
14: 121-135. /. 1-6. O 1943. 

Schiel, £. A Marcd, P. R. Efecto de la infeccion artificial de Tri folium alexan- 
drinvm con Bhizobium trifolii. Rev. Arg. Agron. 10: 169-177. Je 1943. 
Scott, 0. E., Thomas, H. E. & Thomas, H. E. Boron deficiency in the olive. Phy¬ 
topathology 33: 933-942. /. 1-2. O 1943. 

Shope, P. F. Some Ascomycetous foliage diseases of Colorado conifers. TTniv. 
Colo. Stud. D 2: 31-43. Au 1943. 

Stakman, E. C. et al. Population trends of physiologic races of Pitccinia tritici in 
the United States for the period 1930 to 1941. Phytopathology 33: 884-898. 
/. 1-6. O 1943. 

Vallega, J. A Oenoz, H. Reaccion de algunos trigos a las razas fisiologicas de 
Erysiphe graminis tritici comunes en Argentina. An. Inst. Fito. Catalina 
3: 45-58.1943. 

Waterman, A. M. Diplodia pinea and Sphaeropsis malorum of soft pine. Phyto¬ 
pathology 33: 828-831. S 1943. 

Wellman, F. L. A new species of Fusarium causing vascular wilt of tomato. Phy¬ 
topathology 33: 956-958. f. 1,2.0 1943. 

Wilhelm, 8. Observations on the bacterial crown, stem and bud rot of Delphiniums. 

Phytopathology 33: 806-811. /. 1, 2. 8 1943. 

Wolf, F. A. The perfect stage of Qercospora sordida. Mycologia 35: 503-509. 
If. 8-0 1943. 
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ECOLOGY AND PLANT GEOGRAPHY 

Allard, H. A. The locust consocies in the developmental forest of Bull Run Moun¬ 
tain, Virginia. Ecology 24: 485-492. f. 1,2. O 1943. 

Aldrich, J. W. Biological survey of the bogs and swamps in northeastern Ohio. 

Am. Midi. Nat. 30: 346-402. /. 1-21. 8 [O] 1943. 

Batalla de Rodriguez, M. A. Nota acerca de las gramineas do la region de Izucar 
de Matamoros. An. Inst. Biol. [Mexico] 14: 15-27. /. 1-S. O 1943. 

Brown, C. A. Vegetation and lake level correlations at Catahoula Lake, Louisiana. 
Geog. Rev. 33: 435-445. f. 1-10. 1943. 

Carroll, G. The use of bryophytic polstors and mats in the study of pollen de¬ 
position. Am. Jour. Bot. 30: 361-366. My [4 Je] 1943. 

Danseteau, P. L’6rabliere Laurentienne. I. Valeur d’indice des especes. Canad. 
Jour. Res. C 21: 66-93. f. 1-6. F 1943. 

Daubenmire, R. F. Soil temperature versus drought as a factor determining lower 
altitudinal limits of trees in the Rocky Mountains. Bot. Gaz. 106: 1-13. 
8 [13 O] 1943. 

Daubenmire, R. F. & Slipp, A. W. Plant, succession on talus slopes in northern 
Idaho as influenced by slope exposure. Bull. Torrey Club 70: 473-480. 
/. 1-3. 1 S 1943. 

Dice, 1». R. The biotic provinces of North America. 1—98. Univ. Mich. Press, 
Ann Arbor. 1943. 

Garren, K. H. Effects of fire on vegetation of the southeastern United States. Bot. 
Rev. 9: 617-654. N 1943. 

Gates, B. N. Carunculate seed dissemination by ants. Rhodora 45: 438-445. N 
1943. 

Halliday, W. E. D. & Brown, A. W. A. The distribution of some important forest 
trees in Canada. Ecology 24: 353-373. /. 1-11. J1 1943. 

Heady, H. F. Littoral vegetation of the lakes on the Huntington Forest. Roose¬ 
velt Wildlife Bull. 8: 5-37. pi. 1-5 + f. 1-3. Je 1943. 

Hunt, K. W. Floating mats on a south-eastern coastal plain reservoir. Bull. 

Torrey Club 70: 481-488. f. 1-4. 1 S 1943. 

Lackey, J. B. cl al. Some plankton relationships in a small unpolluted stream. 
Am. Midi. Nat. 30: 403-425. 8 [O] 1943. 

Marie-Victorin, Frcre. Observations hotaniques sur les effete d’une exceptioimelle 
baisse de niveau du Saint-Laurent durant Pete de 1931. Nat. Canad. 70: 
163-170./. 1—3. Jl-Au 1943. 

Marie-Victorin, Frcrc. Observations sur la bio eeologie du Spartina pectinata . 

Nat. Canad. 70: 171-178. f. 1-4. Jl-Au 1943. 

Miranda, F. Estudios sobre la vegetacion de Mexico. ITI. Notas generales sobre 
la vegetacion del S. O. del Estado de Puebla, especialments de la zona de 
Itzocan de Matamoros. An. Inst. Biol. [Mexico] 13: 417—450. /. 1—21. 1942 
r J1 1943]. 

Ramirez Cantu, D. Flora acuatica de Izucar de Matamoros y Lugares eircuneve- 
cinos. An. Inst. Biol. [Mexico] 14: 1-13. /. 1-7. O 1943. 

Ramirez Cantu, D. Observaciones ecologicas sobre la vegetacion fanerog&mica 
de la Laguna de Epatlan, Pue. An. Inst. Biol. [Mexico] 13: 405-415. 
f. 1-9. 1942 [J1 1943]. 

Rawltscher, F. K. Problemas de fitoecologia com consideraeoes expecoaos sobre 
o Brasil meridional. Bol. Fae. Fil. Ciene. Let. Univ. Sao Paulo Bot. 3: 
1-111. 1942. 

Wilson, I. T. & Potzger, J. E. Pollen records from lakes in Anoka County, Min¬ 
nesota : a study of methods of sampling. Ecology 24: 382-392. J1 1943. 
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(including biography) 

Apollnar Maria, H. Vacabulario de terminoa vulgares en Historia Natural Co- 
lombiana. Rev. Acad. Colombia 5: 149-170. Jl-D 1942 [O 1943]. 

Benson, L. The goal and methods of systematic botany. Cactus & Succ. Jour. 
16: 99-111. J11943. 

Boivin, B. Quelques noms vernaculaires de plantes du Quebec. II. Nat. Canad. 
70: 146-162. Jl-Au 1943. 

Camp, W. H. The herbarium in modern systematica. Am. Nat. 77: 322-344. J1-' 
Au 1943. 

Carey, C. L., Bold, H. C. & Barnhart, J. H. Tracy Eliot Hazen. Bull. Torrey 
Club 70: 559-562. port. 16 N 1943. 

Clark, T. H. Charles Scliuchert 1858-1942. Canad. Field Nat. 67: 47, 48. F-Mr 
[Au] 1943. 

Constance, L. William Albert Setchell. Jour. Wash. Apad. 33: 288. 15 8 1943. 
Femald, M* L. & Kinsey, A. C. The edible wild plants of eastern North America. 

i—xiv. 1-452. illnstr. Idlewild Press, Cornwall-on-Hudson. 1943. 

Fulling, £. H. Plant life and the law of man. IW Barberry, currantmnd gooseberry, 
and cedar control. Bot. Rev. 9: 483-i?92/0 1943. 

Huxley, JT, Evolution, the modern synthesis. 1—645. Harper, New York. 1943. 
Jepson, W. L. Edward Lee Greene.the individual. Am. Midi. Nat. 30: 3-5. 
J1 [8] 1943. 

Kanouse, B. B. Doctor Howard Atwood Kelly. Mycologia 35: 383, 384. port. 
1 Au 1943. 

Langstaff, J. B. The Elgin Botanic Garden. Science 98: 40. 9 J1 1943. # 

Larsen, W. P. Arthur Trautwein .Henrici, 1889-1943. Science 98: 77, 78. 23 J1 
1943. 

Lipman, C. B. William Albert Setcbell. Science 97: 458. 21 My 1943. 

Little, E. L. A note on Rafinesque’s Florida Columbiea. Proc. Biol. Soc. Wash. 
56: 57-65. 16 Je 1943. 

Maldonado K., M. Bibliographia mexicana de Historia Natural. Rev. Soc. Mex. 
gt Hist. Nat. 4: 73-81. Je [ O] 1943. 

IflSpon, H. L. William Albert Setchell. Madrouo 7: 91-93. port. 29 J1 1943. 
JWrrUl, E. D. Rafinesque’s publications from the standpoint of world botany. 
^ ■ Proc. Am. Philos. Soc. 87: 110-119. .11 1943. 

Ripley, D. Plants of southern California and adjacent Mexico. Alpine Garden 
Soc. Bull. 11: 65-76 .2 pi. Je 1943. 

Bobbins, W. J. C. Stuart Gager. Science 98: 234, 235.10 S 1943. 

Bussell, P. A new Rafinesque letter. Jour. Elisha Mitchell Soc. 59: 89, 90. J1 
1943. 

Steam, W. T. The date of publication of Pursh’s Flora America© septentrionalis. 
Rhodora 45: 415, 416. 9 O 1943. 

Steam, W. T. Boyle’s “Illustrations of the botany of the Himalaya Mountains.” 
Jour. Arnold Arb. 24: 484-487, 15 O 1943. 



BULLETIN OF THE TOBBEY BOTANICAL CLUB 


VOL. 71, No. 2, pp. 107-121 


March, 1944 


BACTERIOSTATIC AND BACTERICIDAL PROPERTIES OF 
ANTIBIOTIC SUBSTANCES, WITH SPECIAL REFER¬ 
ENCE TO PLANT-PATHOGENIC BACTERIA 1 

Selman A. Waksman, Elizabeth Bugie and H. Christine Reilly 

INTRODUCTION 

The ability of certain microorganisms to inhibit the growth of various 
bacteria and fungi is due largely to the production of specific agents, desig¬ 
nated as antibiotic substance^ that possess bacteriostatic or fungistatic 
properties (9). The bactericidal and fungicidal activities of these substances 
are not as pronouiieed, thus distinguishing them from the common chemical 
antiseptics and germicides. 

Both the organisms producing antibiotic substances and the substances 
themselves are selective in their action upon bacteria and fungi, affecting 
some species and not others even sometimes in the same genera. These differ¬ 
ences in activity are largely cpiantitative, but they may also be qualitative in 
nature. Most of the substances so far isolated act primarily upon gram-posi¬ 
tive bacteria and only to a limited extent or in much higher concentrations 
upon gram-negative organisms; other substances, however, act selectively 
upon some bacteria found within each of these groups. Similar differences 
are also observed in the action of antibiotic substances $|)on the fungi. This 
differential action of a substance upon a number of bacteria is designated 
as the ‘Antibiotic” or “bacteriostatic spectrum”; each antibiotic substance 
is characterized by a specific spectrum. When two substances of unknown 
nature and of different origin have the same spectrum, one is led to assume 
that they are the same chemically or at least closely related. 

The effect of antagonistic .microorganisms and antibiotic substances upon 
plant pathogens has been largely limited to the fungi (3, 4, 5, 9, 19), plant- 
pathogenic bacteria having been given but scant consideration. The bacterial 
pathogen was often found to produce a substance bringing about its own 
inhibition, for example Pseudomonas destructans, the cause of turnip rot 
(6). Other antibiotic agents are produced by soil saprophytes, as certain soil 
bacteria active against Ps. citri (2). Solnzeva (8) demonstrated that myxo- 
bacteria are capable of bringing about the lysis of various plant-pathogenic 
bacteria; a thermostable lytic substance was produced which was not studied 
further, however. 

The ecological relationships of plant pathogenic microorganisms are 
different in many respects from those of animal pathogens. This is because 

1 Journal Series Paper of the New Jersey Agricultural Experiment Station, Rutgers 
University, Department of Soil Microbiology. 
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the plant pathogens usually are not transmitted directly from one infected 
individual to another, but largely through an intermediate agency, such as 
infected seed, wind carried spores, animals, and the soil! The plant pathogen 
thus often comes in contact with other microorganisms that may exert 
antagonistic effects upon it, thereby modifying its survival. This is especially 
true of the soil, where antagonistic microorganisms have an opportunity to 
grow and produce antibiotic substances, whereby the growth of the pathogen 
is inhibited or even destroyed. The survival of plant-pathogenic microorgan¬ 
isms in the soil, as influenced by antagonistic microorganisms as well as by 
antibiotic substances, is of considerable theoretical and practical importance. 

No attempt was made to carry out detailed investigations of the effect of 
a large variety of antibiotic substances upon plant pathogens as a whole or 
even upon various plant-pathogenic bacteria. A study has been made, how¬ 
ever, of the activity of a few substances upon a few bacteria in order to 
throw some light upon this highly significant natural phenomenon. This is 
particularly significant since most of the organisms producing these sub¬ 
stances are inhabitants of soils or composts. In connection with two compre¬ 
hensive surveys on the production of antibiotic substances by fungi and 
actinomycetes (13, 15), several antibiotic agents were isolated. A compara¬ 
tive study r was then made (14, 16, 17, 18) of the effect of these agents upon 
various bacteria comprising both saprophytic forms and human and animal 
pathogens. The following investigation of the action of some antibiotic sub¬ 
stances upon certain bacteria causing plant diseases makes possible broad 
generalizations concerning the activity of these substances upon bacteria as 
a whole and upon plant pathogens in particular as compared with sapro- 
phytus and animal pathogens. 

FORMATION AND NATURE OF ANTIBIOTIC SUBSTANCES 

Although the ability to produce antibiotic substances may be character¬ 
istic of certain groups of microorganisms and especially of certain genera, 
only a given species within a genus or even a given strain may be utilized. 
This is due to the fact that the particular strain may produce the antibiotic 
substance in sufficient concentration to justify its isolation. Specific strains 
may be more active under certain conditions of growth and other strains 
under others (12). Among the fungi, for example, the genera Penicillium , 
Aspergillus and Trichoderma contain many species that are capable of pro¬ 
ducing, under certain conditions of nutrition and environment, one or more 
antibiotic substances. Some microorganisms, like certain yeasts, were found 
to produce antibiotic agents only in the presence of the antagonized organ¬ 
ism. Some of the larger groups of fungi, especially the Phycomycetes and 
Basiodomycetes, have so far been found to contain only very few forms that 
have the capacity of producing antibiotic substances. 
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A fairly large number of antibiotic substances has already been isolated 
from cultures of different microorganisms. Many of these have been con¬ 
centrated, but only a few have been crystallized. These substances vary 
greatly in chemical nature, in mode of action upon bacteria and fungi, in 
toxicity to animals and in their activity in vivo. Some organisms produce 
more than one antibiotic substance: Penicillium notatum forms penicillin 
and notatin; Aspergillus flavus , aspergillic acid and flavicin; A. fumigatus, 
spinulosin, fumigatin and fumigacin; Actinomyces antibioticus , actinomycin 
A and B. Different organisms may also produce the same type of antibiotic 
substance. Penicillin, for example, was found to be formed not only by 
strains of P. notatum and P. chrysogenum but also by A. flavus (10). It is 
still impossible to say definitely how general this phenomenon is, but it is 

TABLE 1. Bacteriostatic spectra of four antibiotic substances. 


Activity, dilution units, thousands per gram 


Test 

organism 

Gram 

stain 

Penicillin* 

Actinomycin b 

8treptothriein c 

Clavacin d 

Staphylococcus 

aureus 

+ 

9,500* 

20,000 

200 

100 

S. aureus 

+ 

l,000t 




Sarcina lutea 

+ 

38,000* 

60,000 

100 

500 

Bacillus subtilis 

+ 

19,000* 

60,000 

750 

200 

B. megatherium 

+ 

1,900* 

40,000 

200 

100 

B. mycoides 

+ 

5* 

40,000 

<3 

200 

Clostridium 

welchii 

+ 

l,500t 

1,000 


Actinomyces sp. 

+ 

l,000t 

10 

10-50 


Neisseria, sp. 

- 

2,0001 

20 



Brucella abortus 

— 

2t 

10 

100 


Shigella 

gallinarum 


2t 

20 

300 


Pasteurella sp. 

— 

It 

<10 

100 


Listerella 

monocytogenes 


300 


18 

Hemophilus sp. 

- 


50 

30 


Salmonella 

schottmulleri 

_ 

< It 

<10 

200 

60 

S. aertrycke 


10* 



Pseudomonas 

fluorescens 

_ 

< 5* 

10 

< 3 

6 

Serratia 

marcescens 

_ 

<1 

<5 

5 

60 

Aerobacter 

aerogenes 

_ 

< 5* 

<5 

30 

50 

Escherichia coli 

— 

<lt 




E. coli 


< 5* 

. 5 

100 

100 


a Our own data based on a sample of penicillin having 470 Oxford units are marked *; 
data reported by Abraham et al. (1), based on a less active preparation, are marked t. 
Based on data reported elsewhere (17). 
c Based on data reported elsewhere (18). 

d Based on data reported elsewhere (14). Much of the above data has been rechecked 
with fresh preparations. 
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safe to conclude that antibiotic substances comprise a great variety of chemi¬ 
cal compounds, some of which may be formed by more than one organism. 

The mode of action of antibiotic substances upon bacteria also varies con¬ 
siderably. Such substances usually interfere with microbial cell division; 
some affect the metabolic or respiratory processes of the cell; others function 
as enzymes or interfere with certain enzymatic reactions (10). 

The bacteriostatic spectra of four typical antibiotic substances are shown 
in table 1. Highly concentrated preparations were used, which differed 
greatly in the degree of purification. Penicillin acts primarily upon gram¬ 
positive bacteria and only upon very few gram-negative organisms; how¬ 
ever, whereas Bacillus mycoides , a gram-positive organism, is only little 
affected by this substance, Neisseria and certain other gram-negative bac¬ 
teria are sensitive to it. Actinomycin also acts largely upon gram-positive 
bacteria, with a more gradual transition in the degree of sensitivity between 
the different groups of bacteria, the cocci and aerobic spore-formers b°ing at 
one extreme, and Escherichia , Serratia , and Pseudomonas groups at the 
other. Streptothricin acts upon certain gram-positive and gram-negative bac¬ 
teria though some organisms within these two groups are only little affected 
by this substance; there is no important difference in the degree of sensi¬ 
tivity to streptothricin by the gram-positive and the gram-negative bacteria. 
Clavaein acts nearly alike upon all the bacteria so far tested, with only 
quantitative differences in the degree of sensitivity of the different organ¬ 
isms; it is also highly active against certain fungi (11). The four antibiotic 
substances selected at random for this study are thus found to differ greatly 
in their antibiotic spectra. This justifies the conclusion that the mode of 
action of each of these substances upon bacteria is different. It may be of 
interest to recall further that penicillin and streptothricin show only little 
toxicity to animals, whereas actinomycin and clavaein are highly toxic (7). 

NATURE OF ANTIBIOTIC SUBSTANCES USED IN THESE INVESTIGATIONS 

Seven antibiotic agents were selected for the following investigations. 
They were isolated from different organisms naturally occurring in soils or 
in composts. These organisms were grown upon different media, the nature 
of the medium and the conditions of growth depending upon the organism, 
its metabolism, and the environment most favorable to the production of the 
antibiotic substance. Some substances are produced in synthetic media, 
others in complex organic media. Some of the organisms were grown in 
stationary liquid cultures and others in submerged and agitated cultures; 
some in liquid media and others in semi-solid agar media. Five of the sub¬ 
stances were obtained from fungi ajid two from actinomycetes. The sub¬ 
stances used varied greatly in the degree of purification, some being highly 
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purified and concentrated, and others being crude preparations isolated 
from the medium and only partly purified. 

The nature and potency of these substances can be briefly summarized 
as follows: 

1. Penicillin . The preparation used in these experiments was isolated 
from a culture of P. notatum. It was highly concentrated, having 470 Oxford 
units with B. subtilis as the test organism. 

2. Clavacin. This was a crude and not highly purified preparation iso¬ 
lated from cultures of A. clavatus (14). 

3. Fumigacin. This substance is produced by A. fumigatus. Although it 
has already been crystallized, only a crude preparation was used here. 
Fumigacin is not readily soluble in water, is active largely against gram¬ 
positive bacteria, and is characterized by limited toxicity to animals (14). 

4. Flavicin. This substance is produced by A. flavus and is comparable 
in its properties to penicillin. A crude preparation containing also a small 
amount of aspergillic acid was used (12). 

5. Chaetomin. This material was isolated from an antagonistic strain of 
species of Chaetomium (20). It is characterized bv an activity largely 
directed against gram-positive bacteria, but possesses certain chemical and 
biological properties that make it quite distinct from penicillin or flavicin, 
such as high activity against B. mycoides. 

6. Actinomycin. This was a highly purified preparation of Actinomycin 

A, produced by Act. antibioticus . It had an activity of about 10,000,000 

B. subtilis units (16). 

7. Streptothrichi. Botli crude and purified preparations of this material, 
produced by Act. lavcndulac (18), were used. 

A detailed study of the selective antibiotic action of some of these sub¬ 
stances as compared with chemical antiseptics has been published (17). 

METHODS 

Methods of Testing Bacteriostatic Action. A number of methods are 
used for measuring the activity of antibiotic substances. They are based 
largely upon the inhibition of growth and multiplication of specific test 
bacteria; some of the methods are based upon interference with a physio¬ 
logical reaction of the test organism. The bacteria that are commonly used 
as test organisms comprise S. aureus , B. subtilis, Micrococcus sp., and E. coli. 
The following three methods are employed in making the tests: (a) the 
streak-plate method, in which several test organisms, differing in the degree 
of their sensitivity to the antibiotic substances, are used simultaneously; 
(b) the agar diffusion or cup method, where one test organism is used, 
usually B. subtilis or 8. aureus; (c) the dilution culture method with only 
one test organism. The last method was found to be least suitable for this 
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study. The first has the advantage that the sensitivity of several organisms 
can be measured on the same plate with different dilutions of the antibiotic 
substance. The second has the advantage of giving more accurate quantita¬ 
tive results for practical purposes. 

The units of measurement reported for the plate method are based upon 
the dilution of the substance. The minimum concentration of the active 
material that inhibits growth of the test organism is taken as the end point. 
The ratio between the volume of medium and the concentration of the active 
material that is required to bring about inhibition of the growth of the test 
organism represents the activity units. The zone of inhibition produced on 


TABLE 2. Bacteriostatic action of three antibiotic substances t as measured by two 
different methods. 


Nature of 
substances 

r 

! 

i 

Agar-streak 

method 8 

Agar diffusion (cup method 8 ) 

Purity 

Dilution* 1 

Inhibition 
zone, mm. c 

Penicillin 

Highly 

purified 

material 

units 

19,000,000 

1: 470,000 

22.0 

Penicillin 

Crude 

culture 

filtrate 

1,000 

1: 25 

23.4 

Flavicin 

Purified 

45,000 

1: 600 

22.0 

Flavicin 

Crude 

filtrate 

100 

Undiluted 

23.0 

Streptothricin 

. Purified 

750,000 

1: 2,000 

26.7 

Streptothricin 

Crude 

filtrate 

300 

1 

1: 2 

25.5 


• B. 8ubtili8 used as test organism in both eases. 
b On basis of 1 gm. or 1 ml. of material. 
c Diameter of cup itself - 8 mm. 


the plate, expressed in millimeters, is used as a unit of measurement for the 
cup method. Only for penicillin and streptothricin were standards available; 
the other substances could be compared against these standards, with one 
important reservation, namely, that the rates of diffusion of various ma¬ 
terials differ; hence no single standard can be employed for comparing the 
activity of different antibiotic substances. 

Ordinary glucose-free nutrient agar media, suitable for the growth of the 
test organisms were used. The plates were incubated at 30° C for 18-24 
hours. The results obtained by the two methods and based upon the use of 
3 purified and 3 crude preparations^ are given in table 2. On the basis of these 
results, one is justified in concluding that both methods are comparable. 
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Methods of Testing. Bactericidal Action. Several methods are com¬ 
monly utilized for measuring the bactericidal action of antiseptics and disin¬ 
fectants. They differ in the nature of the test organism, culture medium or 
bacterial suspension, and time and temperature of incubation. These methods 
can be applied with certain modifications to antibiotic substances. However, 
since these agents are primarily bacteriostatic in nature, whereas their 
bactericidal action requires a much longer period of time than the ordinary 
chemical germicidal agents, this phase of the problem was given only limited 
consideration. A single simple procedure was used as described later. 

Strain Variation. Before any generalization can be made concerning 
the sensitivity of a certain bacterial species to an antibiotic substance, it is 
essential to establish the variation in sensitivity of different strains within 
the given species. This becomes particularly significant when one recognizes 
two well established facts: first, different strains of a bacterial species, diffi¬ 
cult to distinguish microscopically, culturally, and physiologically, may 
show marked variations in the degree of their sensitivity to a given antibiotic 
substance; second, test organisms may gradually become more resistant to a 
substance or* continuous passage through media containing increasing con¬ 
centrations of this substance. Certain data pertaining to the sensitivity of 
different strains of three common spore-forming bacteria to three antibiotic 
substances are presented in table 3. 

The three spore-formers are sensitive alike to clavacin and to fumigacin. 
The differences in sensitivity obtained for the various strains of each species 
are greater than between the three different organisms. For example, the 
average activity of clavacin against B. sub til is is 47,000 with variations of 
10,000 to 100,000; against B. mycoides 39,000 (10,000-75,000); and against 
B. cereus , 17,000 (10,000-25,000). Similar results were obtained for fumi¬ 
gacin. The variation of the sensitivity of the different strains of 8. aureus 
against the bacteriostatic action of these two substances was also found to 
be quantitative rather than qualitative in nature (14). The most striking 
differences, however, are obtained for streptothricin. B. subtilis is highly 
sensitive and B. mycoides is very resistant to this substance, as brought out 
elsewhere (18). The results presented here show, however, that when several 
strains of the same organism are used, certain variations are obtained that 
tend to throw doubt upon the significance of these differences. There were 
two peculiar exceptions for B. subtilis , namely, Nos. 243 and 970. 

The sample of streptothricin used in these tests gave for seven strains of 
B. subtilis (except Nos. 243 and 970) a variation of 7,500 to > 33,000 units, 
with an average of 23,800 units or more; for eight strains of B. mycoides , 
the variation was from < 330 to 5,000, with an average of 2,330 units or 
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less; for seven strains of B. cereus, the variation was from < 300 to 10,000, 
with an average of 5,000 units or less. It is interesting to note that B. cereus 
overlaps in the degree of its sensitivity to streptothricin the two other spore¬ 
forming bacteria, coming much nearer to B. mycoides, however. Dr. N. R. 
Smith, who kindly supplied these cultures, is of the opinion that B. mycoides 
is to be considered as a variety of B. cereus. This is well borne out by the 
results presented here. Of the two exceptional strains of B. subtilis that 

TABLE 3. Strain variation among spore-forming bacteria in their sensitivity to anti- 
biotic substances. 

Activity, dilution units, thousands per gram 


Organism 

Strain No. 

Streptothricin 

Clavacin 

Fumigacin 

B. subtilis 

0 

> 33.0 

100 

75 

t ( 

6 

25.0 

50 

50 

i i 

231 

> 33.0 

100 

50 

(i 

243 

< 3.3 

50 

<10 

(t 

968 

20.0 

25 

33 

< < 

969 

> 33.0 

50 

75 

(c 

970 

< 3.3 

20 

100 

i i 

971 

7.5 

20 

10 

i t 

972 

15.0 

10 

20 

B. mycoides 

0 

< 0.3 

20 

10 

(i 

233 

2.5 

75 

100 

(< 

306 

2.5 

25 

50 

i t 

317 

2.5 

10 

50 

t ( 

318 

0.8 

75 

15 

( t 

319 

2.0 

30 

20 

(( 

911 

5.0 

50 

15 

11 

912 

3.0 

30 

10 

B. cereus 

0 

< 0.3 



< i 

201 

2.0 

10 

<10 

• V n 

202 

10.0 

15 

30 

t ( 

203 

7.5 

15 

50 

i t 

305 

5.0 

15 

75 

(t 

830 

5.0 

20 

30 

(( 

847 

5.0 

25 

75 


showed low activity to streptothricin, one, No. 970, proved to be the so-called 
Michigan strain, which should really be called B. cereus. The other ques¬ 
tionable B. subtilis strain (No. 243) that gave 2,500 units may either repre¬ 
sent an exception from the average or it may be another special case, not 
as yet recognized. 

Although these results are sufficient to emphasize the danger of gener¬ 
alizations concerning the sensitivity of a given organism to an antibiotic 
substance based upon the testing of a single strain of an organism, it can 
still indicate broadly the selective action of the substance upon a particular 
bacterial species. 




Activity, dilution units, thousands per gram 
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BACTERIOSTATIC ACTION OF ANTIBIOTIC SUBSTANCES AGAINST PLANT 
PATHOGENIC AND SAPROPHYTIC BACTERIA 

In this study, 9 plant-pathogenic bacteria, 2 saprophytes, and 2 animal 
pathogens were compared. These bacteria and their gram reaction are listed 


as follows: 



Organism 

Oram stain Organism 

Gram stain 

Ph. tumefaciens 

- Ph. michiganensis 

+ 

Ph. campestris 

- Ph. pruni 

- 

Ph. phaseoli 

- E. coli 

- 

Ph. glycinea 

- 8. aureus 

-i 

Ph. syringae 

- B. subtilis 


Ph. solanacearum 

- 8. lutea 

4 

Ph. stewartii 

— 



Table 4 shows the sensitivity of these bacteria to six of the antibiotic 
substances, as determined by the agar-streak dilution and the agar-cup 
diffusion methods. Some of the tests, as for E. coli and B. subtilis, were 
repeated many times, whereas others were made only two or three times. 
It is quite possible that other strains of the same organisms may give some¬ 
what different results. 

Actinomycin, with a general high activity against gram-positive bacteria 
( B. subtilis and 8. aureus) and a limited activity against the gram-negative 
organisms of the Aerobacter and Escherichia (E. coli) groups, has a marked 
selective action upon the gram-negative plant pathogens, some of which are 
very sensitive and others very resistant. The important point to note is that 
these bacteria do not behave as a group. The gram-negative P. glycinea is as 
sensitive to this substance as the gram-positive P . michiganensis, whereas 
P. Mewartii is as resistant as E. coli. On the other hand, clavacin, which does 
not show any marked specific differences in activity against gram-positive 
and gram-negative bacteria in general, shows little difference against the 
various plant pathogens. 

Streptothricin has been found to have a selective action upon bacteria 
within each group rather than between the two groups as distinguished by 
their staining reactions. Its action on the plant-pathogenic bacteria proved 
to be quantitative rather than qualitative, the range of activity varying 
from 5,000 units for P. solanacearum to 150,000 for P. tumefaciens. Fumiga- 
cin and chaetomin, active largely against gram-positive bacteria and not 
against E . coli, showed considerable activity against some of the plant patho¬ 
gens and comparatively little activity against others, both within the group 
of gram-negative bacteria. 

Penicillin is known to haye little if any activity against most of the gram¬ 
negative bacteria. Although some of the plant pathogens showed a certain 
degree of sensitivity to this substance, this was so limited that even the sen- 
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sitive cultures (P. tumefaciens and P. phaseoli) may be considered as fairly 
resistant when compared with the sensitivity to penicillin of the gram¬ 
positive bacteria ( 8 . aureus, B . subtilis). 

The results obtained by the agar diffusion method show that the plant- 
pathogenic bacteria fell midway between E. coli and the two gram-positive 
bacteria. There was considerable variation, however, in tbe degree of resis¬ 
tance of the different bacteria, some being more and others less sensitive. It 
is to be recalled, in this connection, that gram-negative animal-pathogenic 
bacteria, such as Brucella , Pastcurella , and especially Neisseria and Hemo¬ 
philus, are far more sensitive to the known antibiotic substances than are 
the gram-negative bacteria belonging to the Escherichia, Aerobacter, Ser - 
ratio, and Pseudomonas groups. 

One may thus conclude that the plant pathogenic bacteria do not behave 
as a group as regards their sensitivity to antibiotic substances. Despite the 
fact that most of them are gram-negative, some are more sensitive to certain 
agents and others more resistant, depending on the nature of the agent as 
well as of the organism. As a group, however, the plant-pathogenic bacteria 
of the gram-negative type are similar to the many animal pathogens of the 
same type, being more resistant than the gram-positive bacteria and less 
resistant than the gram-negative bacteria of the Escherichia type. 

Since the substances studied here are not known chemically, their activ¬ 
ity cannot be compared on a molar basis. The very fact that they were of 
different degrees of purity makes it impossible even to compare them on a 
gram basis. The best that can be done, therefore, is to compare them largely 
on the basis of their selective activity upon the various bacteria and only 
very roughly on a weight basis. 

BACTERICIDAL EFFECTS OF ANTIBIOTIC SUBSTANCES 

The bactericidal action of the antibiotic substances w T as tested against 
three different bacteria, namely, E. coli , 8. aureus , and P. tumefaciens. The 
organisms were grown in nutrient broth for 24 hours at 37° C. One-half- 
milliliter portions of the cultures were then added to 9.5-milliliter portions 
of sterile tap water and the antibiotic substances added in dilutions varying 
from 1:10,000 to 1 :100,000. The treated cultures were now incubated at 
37° C, and plated after 20 and 40 hours’ incubation, nutrient agar being 
used. The plates were also incubated at 37° C, for 24-48 hours, and the 
total number of colonies was counted. The counts represent the number of 
viable and reproducible cells left in each culture. The results are presented 
in table 5. 

Actinomycin, which has only comparatively little bacteriostatic action 
against E. coli , has also limited bactericidal action; even a dilution of 
1:10,000 was not sufficient to sterilize the culture completely in 40 hours. 
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although the number of cells was reduced by about 80 per cent. The same 
was true of penicillin. Thus both substances, which are characterized by a 
limited bacteriostatic effect against E. coli , have also limited bactericidal 
action upon this organism. Streptothricin, an agent strongly bacteriostatic 
against E. coli, is also strongly bactericidal; a dilutiou of 1:100,000 was 
sufficient nearly to sterilize the culture in 20 hours and completely to ster¬ 
ilize it in 40 hours. The same is true of clavacin, another agent highly active 
against gram-negative bacteria; however, a larger concentration of this sub- 

TABLE 5. Bactericidal action of antibiotic substances. 

Thousands of bacteria in 1 ml. of diluted culture 


Antibiotic 

substance 

Concen¬ 
tration, 
mgs./lO ml. 

Test organism 

E. 

coli 8 

S. aureus b 

P. 

tumefaciens 0 


Incubation 

hours 


20 

40 

20 

40 

40 

Control 


140,000 

218,000 

36,000 

252,000 ! 

1,020 

Actinomycin 

1.0 

27,700 

39,500 

<0.1 

<0.01 

< 0.01 

Actinomycin 

0.1 

76,400 

111,000 

26 

2 ' 

1.6 

Streptothricin 

1.0 

0.1 

< 0.01 

1 

2 

1.8 

Streptothricin 

0.1 

3.0 

< 0.01 

50 

32 | 

3.4 

Penicillin 

0.5 

25,300 

26,300 

324 

69 1 

1.4 

Penicillin 

0.1 

175,000 

118,000 

360 

27 j 

1 17.0 

Clavacin 

0.5 

650 

< 0.01 

640 

227 1 

1.6 

Clavacin 

0.1 

65,900 

54,500 

5,000 

6,900 

343.0 

Fumigacin 

5.0 

7,300 

7,500 

62 

262 

1.1 

Fumigacin 

1.0 

80,200 

65,000 1 

1,720 

270 , 

2.8 

Chaetomin 

5.0 

< 0.1 

< 0.01 ] 

< 0.01 

< 0.01 

9.4 d 

Chaetomin 

1.0 

126,000 

188,000 

18 

185 

1 

40.0‘» 

1__ 


8 Numbers of bacterial eells, in thousands, at start—67,000. 

b Numbers of bacterial cells, in thousands, at start—10,000. 

c Numbers of bacterial cells, in thousands, at start— 450. 

d After 20 hours, control being, in thousands, 198. 

stance, namely a dilution of only 1: 20,000, was required to bring about com¬ 
plete sterilization of the culture. Fumigacin and chaetomin, substances that 
are largely active against gram-positive bacteria and exert only a limited 
bacteriostatic effect on gram-negative organisms of the E. coli type, stand 
midway between the other preparations. In lower concentrations, namely in 
1:20,000 dilution, these two substances had little bactericidal action against 
E. coli; in high concentrations, 1:2,000, chaetomin was highly bactericidal 
and fumigacin also showed some activity. 

A totally different relationship was obtained for the bactericidal action 
of the antibiotic substances against gram-positive bacteria, as represented 
by 8. aureus. Actinomycin and penicillin proved to be highly effective bac¬ 
tericidal agents against this organism, the first bringing about a more com- 
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plete destruction of the bacterial cells. Streptothricin was the only substance 
that showed somewhat lower bactericidal activity against 8. aureus as com¬ 
pared with E. coli; this is similar to the bacteriostatic properties of this 
substance. The other three substances exerted about the same type of bac¬ 
tericidal effect upon this gram-positive organism as they did upon the gram- 
negative E. coli, although to a somewhat greater extent. 

The bactericidal action of the antibiotic substances against the plant 
pathogen P . iumcfaciens was very similar to that against 8. aureus. The 
former is somewhat more resistant to chaetomin than the latter. In this 
respect as well, the bactericidal action of the antibiotic substances is nearly 
comparable to its bacteriostatic action. 

SUMMARY 

A comparative study was made of the bacteriostatic and bactericidal 
effects of several antibiotic substances upon different plant-pathogenic bac¬ 
teria, two animal pathogens, and two saprophytes, including both gram¬ 
positive and gram-negative forms. The antibiotic substances were isolated 
from antagonistic fungi and actinomvcetes and varied greatly in the degree 
of their isolation and purification. 

Plant-pathogenic bacteria were found not to vary greatly in their sensi¬ 
tivity to antibiotic substances from other bacteria. Greater differences were 
observed among different species than among the various sources from which 
the bacteria were isolated or their functions under natural conditions. 

Some substances, notably aetinomycin and penicillin, act largely against 
gram-positive bacteria and only to a limited extent against gram-negative 
organisms. Tn the case of actinomvcin the sensitivity of the bacteria ranges 
from the spore-forming aerobic bacteria and cocci on the sensitive side of 
the spectrum to the Escherichia , Acrobacter , and Serratia on the resistant 
side. Penicillin, however, does not show exactly the same gradation in sensi¬ 
tivity, some gram-negative bacteria like Neisseria being sensitive and some 
gram-positive bacteria like B . mycoides being resistant. 

Some substances, like streptothricin and clavacin, act alike upon gram¬ 
negative and gram-positive bacteria. These two substances also revealed 
certain marked differences, however, the first being much more selective in 
its action against the various bacteria than the second. Some gram-positive 
(B. mycoides) and gram-negative bacteria (Ps. aeruginosa) are very resis¬ 
tant to streptothricin and others are very sensitive ( B. subtilis, Brucella 
■abortus). 

Two other antibiotic substances, fumigacin and chaetomin, showed inter¬ 
mediate activity upon the different bacteria between that of the other two 
groups of compounds. Although largely active against gram-positive bacteria 
and only to a very limited extent against the E. coli group, fumigacin and 



120 


BULLETIN OF THE TORREY CLUB 


[Vol. 71 


chaetomin were also active against certain gram-negative organisms, espe¬ 
cially some of the plant-pathogenic types. 

The degree of sensitivity of bacteria to the various antibiotic substances 
can, therefore, be only very roughly based upon their staining reactions. 
The gram-stain is not the absolute determinant of the sensitivity of resis¬ 
tance of bacteria to different antibiotic substances. When more than one 
substance is tested, it is found that the different bacterial species show dis¬ 
tinctly different antibiotic spectra. This points to greater physiological 
differences among the bacteria, as determined by their relative sensitivity 
to the antibiotic substances, than can be explained by mere differences in 
their staining characteristics. 

No attempt is made to interpret the significance of the results presented 
here in terms of possible control of plant diseases caused by bacteria. The 
fact, however, that the microorganisms from which the antibiotic substances 
were isolated are normal soil inhabitants, makes these results highly sug¬ 
gestive. 

The authors wish to express their sincere appreciation to Dr. N. R. 
Smith, of the Bureau of Plant Industry, IT. S. D. A., for supplying most 
of the cultures of the spore-forming bacteria, and to W. H. Burkholder, of 
the Department of Plant Pathology, Cornell University, for the cultures of 
the plant-pathogenic bacteria. 

The authors are also indebted to Merck & Co. for supplying samples of 
penicillin and of purified streptothricin, and for supporting one of the 
junior authors in collaborating in certain phases of this investigation. 
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RELATIVE GROWTH OF FLOWER PARTS OF TWO 
SPECIES OF IRIS 

Herbert Parkes Riley 

It has been shown in a number of instances that the pattern of growth 
of a particular organ may be expressed in terms of the relative growth rates 
of the main dimensions of that organ. In an extensive comparison of twelve 
lines belonging to three or four species of cucurbits, Sinnott (1936) showed 
that the rate of relative growth of ovary length and width was different in 
each species and that the final shape of the fruit was determined by these 
rates plus duration of growth. In each case, the relative growth rate re¬ 
mained unchanged throughout the development of the fruit. 

In Iris fulva and I. hexagona var. giganticaerulea (Riley 1942) relative 
growth rates of the main radii of the developing ovary account for the shape 
of the ovary as seen in cross section and explain why fruits of the two spe¬ 
cies have different shapes during comparable developmental periods but 
almost the same shape when they are mature. In each species, the relative 
growth rate of two radii changes several times throughout development. 
Relative growth of the radii is due principally to relative growth of the 
ovary wall at those radii. Riley and Morrow (1942) and Riley (1943) found 
that in Iris ovaries the growth rate of any cellular region such as the ovary 
wall or the cellular region between two locules is determined by the rate and 
duration of cell division and the rate of increase in cell size following divi¬ 
sion but that during most of development cell multiplication is a much more 
important factor than cell expansion. 

The ovaries of these two species are not only very much alike when the 
mature ovaries are viewed in cross section, but are also not very dissimilar in 
their general size and shape. The sepals and petals of fulva , however, are 
very different from those parts'of giganticaerulea. It was the purpose of this 
study to determine to what extent relative growth rates control the pattern 
of development of the various flower structures. The plants of giganti¬ 
caerulea are from a marsh alongside Bayou Barataria. Those of fulva are 
from an oak forest-cypress swamp transition at Thibodaux, from a similar 
region at Laplace, or from an oak forest growing along the side of the road 
between New Orleans and Bayou Barataria. All are from Louisiana. 

Length and width of ovaries, sepals, petals, and floral tubes were mea¬ 
sured from fresh material by means of dividers except for the smallest 
ovaries and tubes. These were fixed, embedded, and sectioned serially, and 
measurements were obtained from camera lucida drawings of .median longi¬ 
tudinal sections. Ovary length was measured from the place where the ovary 

122 



1944] 


RILEY: FLOWERS OF IRIS 


123 


is inserted on the flower stalk to the place where it joins the floral tube; 
measurements of width were obtained from the widest part of the ovary. 
Sepals and petals were measured from the place where the claw joins the 
floral tube to the tip of the blade; the width was always the widest part of 
the blade. It was considered desirable to study the relative growth in length 
of the claw and of the blade for the sepal and petal of each species. Measure¬ 
ments were plotted of the claws and blades of the sepals, but because the 
transition from the claw to the blade is more gradual in the petals, the 
attempt to analyze the relationship of the claw and blade of the petal was 
abandoned. For each study, measurements were plotted on double loga¬ 
rithmic paper; curves were then plotted by the method of least squares 
except for very short regions or for those in which the points showed exces- 



OVARY LENGTH-mm 

Fig. 1. Relative; growth curves of ovary width and ovary length of Iris fulva (broken 
line) and of Iris hexagona van. gigaiiHcaerulea (unbroken line). 1), completion of divisions 
of the nuclei of the embryo sac; S, fertilization. 

sive scatter; these were plotted by inspection. The slopes, k, were calculated 
from Huxley’s formula. The original measurements were in tenths of a milli¬ 
meter and almost all measurements consisted of three significant figures. 
Four place tables of mantissas were used in converting the original measure¬ 
ments into logarithms. The values of k for the regions that were plotted by 
least squares were expressed to three significant figures. The slopes for the 
parts plotted by inspection were expressed in two significant figures. 



124 


BULLETIN OF THE TORREY CLUB 


[VOL. 71 


OBSERVATIONS 

Ovaries. When first organized, the ovary of giganticaerulea is wider in 
proportion to its length than is that of fulva. During early stages of growth, 
the ovary of fulva grows more rapidly in width relative to length than does 
that of the other species, but this relationship does not occur over a suffi¬ 
ciently long period for the two species to attain the same proportions (fig. 1). 
At about the time that the divisions of the nuclei in the embryo sac have been 
completed, the ovary of giganticaerulea is still proportionately wider than 
that of fulva but the difference is not so marked as in earlier stages. At that 
time the slopes change and the ovary of giganticaerulea increases propor¬ 
tionately somewhat more in width than does that of fulva until fertilization 
has been completed. After fertilization the fulva ovary is 24 mm. long while 
that of the other species is 28 mm. in length. When the ovary of fulva is 
24 mm. long, it begins to grow much more rapidly in width than in length. 
This new relative growth rate is such that when this ovary is 28 mm. long, 
it has the same width as an ovary of giganticaerulea of the same length. For 
the remainder of development both ovaries increase much more rapidly in 
width than they do in length. 

In both species the pattern of development is the same. The ovaries grow 
more rapidly in length than they do in width until after fertilization at 
which time both fruits increase more rapidly in width than in length. The 
reason for the first break in the curves is not clear, but the second is probably 
the result of the sudden and rapid growth of the seeds after fertilization. 

Sepals. Differences in the shape and size of the mature sepals of the 
two species are much more marked than are differences in the ovaries (fig. 2). 
The mature sepal of fulva is mostly made up of the blade, for the claw 
occupies only about one-fifth of the length of the entire sepal. The blade is 
about twice as long as it is wide. The entire sepal of giganticaerulea is about 
1.6 times as long as the sepal of fulva and the blade is 1.25 times as wide. 
The claw occupies about 40 per cent of the length of the sepal of giganti¬ 
caerulea , and the blade is about 1.4 times as long as it is wide. 

There is very little difference in the shape and size of the sepals of the 
two species when they are first formed, although that of giganticaerulea is 
slightly wider. The sepal of giganticaerulea increases in length relative to 
width somewhat more rapidly than does that of fulva until late in the 
development of the bud (figs. 3, 4). At that stage, the sepal of fulva is 
approximately 30 mm. long and the blade is slightly under 15 mm. wide 
while the sepal of giganticaerulea is 49 mm. long and the blade is 20 mm. 
wide. As the result of the somewhat more rapid growth in length in relation 
to width in, giganticaerulea plus Jthe attainment of a greater length, the 
sepal of giganticaerulea is about 2.5 times as long as it is wide, while that 
of fulva is only about 2.1 times as long when the first shift in the curves 
takes place. 
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When the sepals have attained this size, there is a very decided change 
in the slope of each curve and this is shortly followed by a second break in 
the curve. The slope of the second segment is difficult to interpret accurately 
as the segment is short and the points that determine the slope are few. This 
segment has been represented in figures 3 and 4 as a straight, horizontal line, 
which would indicate that the sepals were growing in length only and that 
they were not increasing in width during this period of relative growth. 
While this may not be strictly accurate, certainly the sepals are enlarging 




Fig. 2. Outlines of mature sepals and petals; a, sepal of 7. fulva; b, sepal of 7. hexa- 
gona var. giganticaerulea; e, petal of /. fulva; d, petal of var. giganlicacrulca. Approxi¬ 
mately x 0.4. 


much more rapidly in length than they are in width. To illustrate this more 
clearly, the actual points are plotted in figures 3 and 4, and the two curves 
are drawn separately. These double shifts in the curves appear to be real, 
characteristic features of the two curves and are neither seasonal variations 
nor clonal peculiarities. Relative growth of length and width of sepals from 
the same clones of giganticaerulea were studied during 1936, 1937, and 1938, 
and in each year this same feature of the relative growth curve w r as observed. 
Plants of fulva from Thibodaux w r ere studied during 1937 and 1938; mea¬ 
surements were also obtained and plotted from clones growing in 1936 along 
the road to Bayou Barataria from New Orleans, and from a group of clones 
at Laplace in 1937. In all four instances the appearance of the curves was 
the same. If the interpretation of this double shift in the curves is correct, 
the sepals of both species increase in length only until that of fulva is 39 mm. 
long and that of giganticaerulea is about 65 mm. in length. The blades of the 
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two species are still about 15 and 20 mm. wide respectively. When the sepals 
have reached these sizes, growth in width is again resumed. Until the flowers 
wither, the sepals of both species grow considerably more rapidly in width 
than in length. 






4 6 8 10 20 40 60 2 4 6 8 10 20 40 60 100 

SEPAL BLADE-MM PETAL LENGTH-mm 

5 6 

Figs. 3-6. Relative growth curves. Fig. 3. Sepal width and sepal length of I. fnlva . 
Fig. 4. Sepal width and sepal length of I. hexagona var. giganticaerulea. Fig. 5. Length 
of claw of sepal and length of blade of sepal of both species. Fig. 6. Width of petal and 
length of petal of both species. A, anthesis. 

The differences in the shape of the sepals of the two species at correspond¬ 
ing states of the development of the flower are due in part to differences in 
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the slopes of the lines in comparable parts of the curves but even more to the 
fact that the sepals of giganticaerulea become much larger than do those of 
fulva. For example, when the sepal of fulva is 30 mm. long, it is 2.04 times 
as long as it is wide, while a sepal of giganticaerulea of the same length is 
2.33 times as long as it is wide. The difference in small part is due to an 
initial size difference but is due mostly to differences in relative growth rates. 
However, sepals of flowers in the same stages of development rather than 
sepals of the same length should be compared. A comparison of sepals 30 mm. 
long in the two species does not have much meaning for such a sepal is found 
in a flower of fulva in which the divisions of the embryo-sac nuclei have been 
completed but in a flower of giganticaerulea in which the four microspores 
have just been formed. When flowers of the two species are compared in 
which the embryo sac nuclei have completed their divisions, the picture is 
different. Such flowers of giganticaerulea are 49 mm. long and are approxi¬ 
mately 2.5 times as long as they are wide. Therefore, not only differences in 
the relative growth rates but differences in the size of the structures at the 
same stage of development must be considered, provided that the relative 
growth rates do not change before this size is attained and provided also that 
the value of k in the two curves is not unity. 

Since the sepal consists of two rather distinct parts, the claw and the 
blade, and since these two structures are proportionately very different in 
the two species, an analysis of the daw-blade relationship is of interest. 
Figure 5 shows that in fnlra the claw grows more rapidly than does the blade 
until shortly before anthesis at the time when the second break occurs in the 
curves of sepal width against sepal length. The blade is initially almost ten 
times as long as the claw. Since this relative growth rate does not operate for 
a sufficiently long period, the (daw never equals the blade in length, but at 
the time of the change in the slope of the curve, the blade is only about 3.2 
times as long as the claw. During the remainder of development, the blade 
increases more rapidly than does the claw. 

In giganticaerulea , the picture is very different (fig. 5). The sepal blade 
is initially about five times as long as the claw. The claw grows at a more 
rapid rate than does the blade, until the entire sepal is about 50 mm. long, 
at which time the blade is only about 1.25 times as long as the claw. There 
is then a very rapid increase in the length of the claw relative to that of the 
blade. The exact slope of this segment of the curve cannot be determined, but 
there is no doubt that the claw is growing relatively much more rapidly. 
When the sepal is about 65 mm. long, the blade is only about 0.86 times as 
long as the claw. The slope of the curve then shifts again, and the blade 
grows very much more rapidly than the claw. It is very difficult to deter¬ 
mine the exact slope of the last two segments of this curve because the seg¬ 
ments are short and the points are either too few or show too much scatter. 



128 


BULLETIN OF THE TORREY CLUB 


[VOL. 71 


It is possible, however, that during the second segment of the curve there is 
. practically no growth of the blade, while during the third segment, there is 
almost no growth of the claw. 

Undoubtedly, the difference in the claw is an important factor in deter¬ 
mining the difference in the general shape of the sepals of the two species. 
When figures 3, 4, and 5 are studied together, the picture of sepal develop¬ 
ment is essentially the same in both species, except for relatively small 
differences in initial shape and in relative growth rates, until late in the 
development of the bud. From then until shortly before anthesis, the blade 
of fulva ceases, to increase in width but both blade and claw continue to 
elongate and at the same relative rate as previously. In giganticacrulea , how¬ 
ever, the blade ceases to grow both in width and in length, while the claw 
elongates considerably. The sepal of this species has a more spindly appear¬ 
ance in a late bud. During the opening of the flower, the sepal increases in 
width in both species; in fulva, both the blade and claw elongate, while in 
giganticacrulea the claw has ceased to grow in length. 

Petals. Like the sepals, the mature petals differ considerably in shape 
in the two species, for that of giganticacrulea is about 1.75 times as long as 
that of fulva and very little wider (fig. 2). The claw of the petal of giganti - 
caerulea is actually and proportionately much longer than the claw of the 
petal of fulva. When they are first organized, the petals of fulva are con¬ 
siderably wider than are those of the other species although the lengths are 
approximately the same. The petals of both species grow more rapidly in 
length than they do in width until late in the development of the bud (fig. 6). 
At this time the fulva petal is 25 mm. long and is 2.8 times as long as it is 
wide, while that of gigantieaerulea is 47 mm. long and is 3.9 times as long 
as it is wide. At this stage of development of the flower, the petal of giganti- 
caerulea is not only very much longer than that of fulva but is also consider¬ 
ably longer in proportion to its width. 

When the petals have reached this size, there is a double shift in the 
curves similar to the situation found in the curves of length and width of 
the sepals, and apparently the petals grow in length but not in width for a 
short period of the life cycle. During the last stages of the growth of the 
bud and during the expansion of the flower, the petals of both species grow 
much more rapidly in width than they do in length. The appearance of the 
curves of the same clones of gigantieaerulea during three successive years is 
similar. The curves of fulva from Thibodaux during two different years and 
those from plants near Bayou Barataria in 1936 and from Laplace in 1937 
were also similar. The general pattern of development of the petals is similar 
to that of the sepals, but there are considerable differences in the slopes and 
in the y-intercepts of the first and third segments of each species. 
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Sepal and Petal. When first measurable, the sepal of fulva is about 
1.35 times as long as the petal of the same species. These two structures grow 
at almost the same rate (k = 1.02; b = 0.72) throughout development, so that 
when mature, the sepal is about 1.30 times as long as the petal. The relative 
sizes and relative growth rates are slightly different in the other species. 
When first organized, the sepal of gigantkaerulea is 1.5 times as long as the 
petal. The petal elongates somewhat more rapidly than the sepal (k = 1.07; 
b = 0.62), and in the mature flower, the sepal is only about 1.2 times as long 
as the petal. In each species the relative growth rate is unchanged through¬ 
out development. The values of k are only slightly different in the two species 
and this slight difference might be due only to chance and therefore have no 
significance. However, for these two curves the points show remarkably little 
scatter and it is possible that the difference is real although not pronounced. 

Floral Tube. In both species the floral tube increases much more rapidly 
in length than it does in width, measured at its greatest width. In fulva when 
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Figs. 7, 8. Relative growth curves. Fig. 7. Width of sepal and combined lengths of 
sepal and floral tube. Fig. 8. Width of petal and combined lengths of petal and floral 
tube. Broken lines are curves of L fulva and solid lines are curves of I. hexagona var. 
giganticacrulea . 

tube width is plotted against tube length the slope of the line is 0.22 
(b = 1.62) and in giganiicaerulca it is 0.19 (b = 2.11). In each species there 
is no change in the relative growth rate during development. Since the floral 
tube is often considered to consist of part of the perianth and part of the 
stamens, the length of the floral tube was plotted against the length of the 
sepal above the floral tube and the greatest width of the sepal blade was 
plotted against the length of the sepal plus the length of the floral tube. 
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Tube length was also plotted against petal length, and the width of the blade 
of the petal was plotted against the combined lengths of petal and floral tube. 

The tube elongates considerably more rapidly than does the sepal in each 
species. In fulva , k = 1.62 and b = 0.028, while in giganticaerulca , k = 1.42 and 
b = 0.032. The curves of sepal width against sepal length plus tube length 
(fig. 7) are generally similar to those of sepal width against sepal length 
alone, although the slopes and y-intercepts are somewhat different. It is to be 
expected that the curves might be similar, for the tube is relatively short 
when compared with the sepal. The relative growth curves of tube length 
against petal length are a single straight line for both species, but the slopes 
are considerably different. For fulva , k = 1.60 and b = 0.048, while for the 
other species, k = 1.35 and b = 0.061. The curves of petal width against petal 
length and tube length combined are in general similar to those of petal 
width against petal length although, as in the ease of the sepals, the values 
of k and b are different (fig. 8). 

Other Relationships. The sepals elongate more rapidly than do the 
ovaries. This is more pronounced in giganticaerulea (k= 1.42; b= 1.02) than 
in fulva (k = 1.32; b = 1.55). The petals also elongate more rapidly than do 
the ovaries. In giganticaerulea , k = 1.49 and b = 0.70, while in f ulva, k = 1.25 
and b = l.l. In giganticaerulea , the petal grows slightly faster in relation to 
the ovary than does the sepal, but in fulva the petal and sepal elongate at 
almost the same rate relative to the ovary. This relationship is to be expected, 
since in giganticaerulea the petal grows somewhat faster than the sepal 
(k = 1,07) while in fulva they grow at approximately the same rate in rela¬ 
tion to one another (k = 1.02). 

The tube elongates considerably more rapidly than does either the sepal 
or petal in both species. Since the sepals and petals enlarge more rapidly 
than do the ovaries, the tubes should also grow in length more rapidly than 
the respective ovaries. When tube length is plotted against ovary length, 
k = 1.93 and b = 0.035 in giganticaerulea , while k = 2.22 and b = 0.052 in 
fulva. 

Relative Growth Rate Ratios. An interesting relationship which may 
or may not have significance is found when the slopes of the various curves 
or segments of curves of fulva are divided by the slopes of the corresponding 
curves or segments of giganticaerulea. The quotients that are obtained for 
most of the curves and segments are listed in table 1. This table includes all 
the curves or segments of curves except those which would result in a ratio 
in the indeterminate form 0/0, or the second and third segment of the curve 
of sepal claw against sepal blade where the slope of giganticaerulea is close 
to infinity or approximately zero. Nineteen quotients are listed for nineteen 
segments or curves which have been studied. They can be divided into four 
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groups. Ten curves or segments have a ratio between 1.13 and 1.19. It is 
possible, of course, that these actually represent six different ratios, but these 
ratios taken together show a deviation of only six in the third significant 
figure. This deviation does not seem too great to be due to chance and it seems 
reasonable to consider that these are all examples of one relative growth rate 
ratio between two species. One segment of one curve has a ratio of 1.03. This 
rate is found for the third segment of the curve of petal width against petal 
length plus tube length. The third segments of some of the curves are short 
and their points show some scatter, so it is possible that this segment and 

TABLE 1. Relative growth rates and relative growth rate ratios for nineteen curves 
or segments of curve v . 


Ratio 


Curve 


Relative growth rates 


fulva giganticaerulea 

1.19 

Tube length and petal length . . .. 

1.60 

1.35 

1.17 

Petal width and petal length, segment III 

2.1 

1.8 

1.16 

Tube width and tube length ... 

0.22 

0.19 

1.15 

Tube length and ovary length 

2.22 

1.93 

1.15 

Sepal width and sepal length, segment T 

1.03 

0.885 

1.14 

Sepal width and sepal length, segment III 

1.78 

L56 

1.14 

Sepal width and sepal plus tube, segment T 

0.974 

0.855 

1.14 

Tube length and sepal length 

1.62 

1.42 

1.13 

Sepal width and sepal plus tube, segment ITT 

1.7 

1.5 

1.13 

Ovary width and ovary length, segment. I 

0.700 

0.618 

1.03 

Petal width and petal plus tube, segment ITT 

1.73 

1.68 

0.95 

Petal length and sepal length 

1.02 

1.07 

0.93 

Petal width and petal length, segment 1 

0.762 

0.821 

0.92 

Sepal claw and sepal blade, segment I 

1.45 

1.58 

0.89 

Petal width and petal plus tube, segment 1 

0.712 

0.803 

0.89 

Ovary width and ovary length, segment TTI 

2.3 

2.6 

0.88 

Ovary width and ovary length, segment II 

0.49 

0.56 

0.87 

Sepal length and ovary length. 

1.23 

1.42 

0.84 

Petal length and ovary length 

1.25 

1.49 


therefore its ratio are not so accurate as some of the other ratios. Three 
curves or segments have a ratio between 0.92 and 0.95 and may possibly be 
considered together. Five ratios vary from 0.84 to 0.89, and possibly repre¬ 
sent one fundamental ratio. 

If there were no relationship in relative growth between the two species 
the nineteen curves or segments,could give nineteen different ratios and it is 
probable that at least a large per cent of the ratios would be different from 
one another. If the interpretation is admissible that the nineteen ratios can 
be grouped into four basic ones in which the variation is no greater than 
would be expected from random sampling and errors in measurements, a 
fundamental species relationship is indicated. It might be pointed out that 
in some cases it would be expected that the ratios would be the same because 
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of the nature of the curves. For example, the curves of sepal width against 
sepal plus tube should not be very different from the curves of sepal width 
against sepal length because tube length is proportionately very small 
when compared with sepal length. Such cases, however, are few. The fact 
that such different relative growth rates as tube width and length, sepal 
width and length, one segment of the curve of petal width and length, ovary 
width and length, tube length and petal length, and tube length and ovary 
length produce the same ratios would seem to indicate, at least, that there 
is a relationship between these species that expresses itself in the relative 
growth rates of various structures. The relative growth rate ratios of many 
curves or segments are the same even though the relative growth rates vary 
from 0.22 for tube width and length of fulva to 2.22 for tube length and 
ovary length of fulva. The fact that so many of the ratios are the same even 
though the rates themselves are very different supports the idea that a fairly 
simple relationship exists in the development of form in these two species. 

SUMMARY 

The ovaries of Iris fulva and Iris hexagona var. giganticaerulea grow 
more rapidly in length than in width until after the completion of the divi¬ 
sions of the nuclei in the embryo sac. From that time until after fertilization, 
growth in length is relatively even more rapid than previously. During fruit 
enlargement, the ovaries grow much more rapidly in width than in length. 
The rates are different in the two species for corresponding periods of 
development. 

In I. fulva, sej)al length, measured from sepal tip to the junction of the 
claw and floral tube, and sepal width grow at almost the same rate until 
faifly late in the bud; during this period the claw grows more rapidly in 
length than does the blade. During a short period before the opening of the 
flower, growth in width ceases and the sepal grows in length only; the rela¬ 
tive growth rate of the claw and blade is the same as previously. During the 
opening of the flower, the sepal enlarges much more in width than in length 
and the blade grows more rapidly than the claw. 

In var. giganticaerulea , the sepal grows more rapidly in length than in 
width and the claw grows much more rapidly than does the blade until a 
fairly late bud stage. The blade then ceases to grow in either dimension while 
the claw continues to elongate, so that, during this period, the sepal as a 
whole grows in length only. During the opening of the flower the claw does 
not grow, but the blade resumes growth and the sepal as a whole grows more 
rapidly in width than in length. 

In each species the pettfls grow more rapidly in length than in width 
until the bud is almost fully grown.'The petals then apparently increase in 
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length only until shortly before anthesis. During the last phase of develop¬ 
ment, the petals increase considerably more rapidly in width than in length. 

In I. fulva, the petals and sepals elongate at almost the same rate but in 
var. giganticaerulea the petals increase in length a little more rapidly than 
do the sepals. The difference in the slope in the two species is very small. 

The floral tube increases much more rapidly in length than in width in 
each species. The tube elongates more rapidly than does the sepal. The curve 
of sepal width against sepal length plus tube length is, in general, very simi¬ 
lar to the curve of sepal width against sepal length alone in both species. 
Similarly, the curves of petal width against petal plus tube resemble those 
of petal width against petal length, although in the case of both sepal and 
petal the slopes and y-intercepts of the first and third segments are different. 

In both species, the sepals, petals, and floral tubes elongate more rapidly 
than do the ovaries. 

For nineteen curves or segments of curves, the slope of 7. fulva was 
divided by the slope of var. giganticaerulea to produce a relative growth rate 
ratio. Allowing for errors of sampling and measurement, these nineteen 
curves or segments can be grouped into four basic ratios. Ten curves or seg¬ 
ments have n ratio from 1.13 to 1.17; one has a ratio of 1.03; three have a 
ratio from 0.92 to 0.95; and five have a ratio of 0.83 to 0.89. Similar ratios 
are found even for different structure such as ovaries, sepals, and petals, and 
even though the relative growth rates, themselves, in many instances, are 
widely different. This constant repetition of a few ratios probably indicates 
a simple growth rate relationship between the two species. 

Department of Botany, University of Kentucky 
Lexington, Kentucky 
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INFLUENCE OF LIGHT ON THE INFECTION OF WHEAT 
BY THE POWDERY MILDEW, ERYSIPHE 
GRAMINIS TRITICI 

Robertson Pratt 

The work of Reed (1914), who concluded that the effect of light on the 
infectiousness of barley and wheat mildews was due to the influence of the 
light on the development of chlorophyll in the host plant, suggested a close 
connection between mildew infection and the carbohydrate supply in the 
host. 

Trelease and Trelease (1929) verified this connection. They found that 
the powdery mildew, Erysiphe graminis tritici, easily infected wheat leaves 
in either light or darkness provided an adequate source of carbon was avail¬ 
able, and they concluded that there is a direct correlation between mildew 
development and the amount of carbon available in the host. More recently 
Allen (1942) has furnished interesting quantitative evidence that in heavily 
infected leaves carbohydrate is the primary substrate that is oxidized, al¬ 
though toward the end of the infection other substrates are also oxidized. 
Trelease and Trelease (1929) also showed that inoculated plants in the light 
but deprived of carbon dioxide were incapable of supporting mildew, but 
that if these same plants were supplied with appropriate sugar solutions, 
the mildew developed despite the lack of carbon dioxide. The fungus evi¬ 
denced no tendency to spread into the solution but remained strictly limited 
to the host. Yarwood (1934a) noted a similar phenomenon and observed that 
within limits the susceptibility of clover leaflets to species of Erysiphe in¬ 
creased as the concentration of the sugar solution on which the leaflets were 
floated increased. The primary purpose of the present investigation was to 
study quantitatively the effect of different daily periods of illumination on 
the infection of wheat, Triticum vulgare, by the powdery mildew, Erysiphe 
graminis tritici. 

The comparative freedom of plants from mildew infestation in sunny 
seasons or locations has been attributed not only to the relatively high tem¬ 
peratures then or there prevailing but, in part at least, to ultra-violet radia¬ 
tion in sunlight. Hey and Carter (1931), using a quartz mercury vapor 
lamp as a source of ultra-violet radiation, were sometimes able to check par¬ 
tially an attack of mildew without appreciably injuring the host plant. In 
the present study, the influence of different spectral regions upon spore 
germination was also investigated. 
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METHODS 

The methods employed were the same as those previously described 
(Pratt 1943). Hanging-drop cultures were used for studies involving the 
fungus alone, and for studies involving mildew cultures on the host plants 
a thermostatic chamber (Trelease 1925) so arranged that it could be illu¬ 
minated from above was employed. The techniques of inoculation and of 
culturing stock plants were the same as those used previously (Pratt 1943). 

RESULTS 

Development of Mildew on Living Plants under Different Daily 
Periods of Illumination. To ascertain the minimum daily exposure to 
light that would permit mildew 7 development on wheat plants under the 
experimental conditions, plants that had been in darkness for 24 hours to 
free them of surplus carbohydrates immediately before treatment were in¬ 
oculated in the usual manner and then were subjected to different periods 
of illumination. The source of light was a 1000-w T att clear Mazda-C electric 
light lamp provided w ith a reflector that w r as suspended approximately four 
feet above the plants. The data that were obtained are shown in table 1. 

TABLE 1. Effect of day length upon incubation period and maturation period of 
powdery mildew on Marquis wheat. 


( 1 ) 

Temp. 


( 2 ) 

Daily 

illumi¬ 

nation, 

hours 


(3) 

Av. 

incu¬ 

bation 

period,* 

(lays 


10° C 1 7.75 

3 7.25 

6 6.75 

32 6.50 

24 6.25 

20° C 1 5.25 

3 2.75 

6 2.50 

12 2.25 

24 2.50 

25° C 1 3.75 

3 3.25 

6 2.50 

12 2.50 

24 2.50 


(4) 

Av, 

time 

for 

appear¬ 

ance 

of 

conidia, 

days 


12.50 

13.50 
10.25 
10.00 

9.25 

5.00 

4.00 

3.50 

3.00 

3.50 

6.00 

4.50 

3.50 
3.75 
3.75 


(5) 

Av. 

matura¬ 

tion 

period, 1 * 

days 


4.75 

4.25 
3.50 
3.50 
3.00 

1.75 

1.25 
1.00 
0.75 
1.00 

2.25 

1.25 
1.00 
1.25 
1.25 


( 6 ) 

Matura¬ 

tion 

Period 

Incuba¬ 

tion 

Period 


0.633 

0.587 

0.519 

0.538 

0.480 

0.539 

0.455 

0.400 

0.333 

0.400 

0.600 

0.384 

0.400 

0.500 

0.500 


Viru¬ 

lence 

of 

infec¬ 

tion 

(approxi¬ 

mate) 


+ 

+ H4 + 
44444 
4444+ 
44+++ 
+ 

+44 

44+44 

4444+ 

4444+ 

+ 

44+ 

4444 

4444+ 

4444+ 


* Time elapsed between inoculation of the plants and the first macroscopic signs of 
infection. 

b Time required for appearance of first conidia minus incubation period. 
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No readily distinguishable differences in the virulence of the infection that 
finally occurred were observed until the period of illumination was reduced 
to three hours daily at 20° and 25° C, or to one hour daily at 10° C, although 
a notable delay in the time required for development was noted at 10° C 
when the plants were illuminated less than six hours in each twenty-four. 
It is probable that under the experimental conditions used about one hour 
is the minimum daily exposure to light which will permit elaboration by the 
host of sufficient requisite materials to maintain it in a condition suitable 
for support of mildew. Abundant development of the mildew did not occur 
at any temperature when plants were illuminated less than three hours daily. 
The decreasing trends, of the values given in column 6, indicate a tendency 
for the length of the maturation period with respect to the incubation period 
(both periods being determined purely arbitrarily) to decrease with increas¬ 
ing daily periods of illumination, at least for cultures at 10° C and 20° O. 
The data for cultures at 25° C are somewhat erratic, but they may indicate 
a similar trend. 

The virulence of infection with a three hour daily period of illumination 
was greater at 10° C than at 20° C or 25° C (column 7). Possibly this is 
correlated with the relative rates of respiration and of photosynthesis in the 
host. Development of the parasite undoubtedly depends upon the ability of 
the host tissues to furnish a continuous supply of suitable nutrient sub¬ 
strates. In view of the obligate parasitic habit and the high degree of physio¬ 
logical specialization of the fungus, it is reasonable to assume that some of 
its essential metabolites are compounds that are in no way by-products, but 
are essential reactants in some step of the metabolism of the host. One can, 
therefore, think of the host and the parasite as competing for some essential 
substrate. At the higher temperature, destruction of this substrate or some 
important intermediate in the host might very conceivably proceed more 
rapidly than its synthesis. Thus a deficiency of the requisite compounds 
might occur. Possible support for this suggestion is offered by the generally 
somewhat higher Q 10 values for respiration than for photosynthesis (Miller 
1938; Spoehr 1926). The increased respiratory rate in host tissues that are 
infected with powdery mildews may also be of considerable importance in 
this connection. Yarwood (1934b) reported an increase of 41 per cent in the 
respiration of clover leaflets infected with mildew, and Pratt (1938), Allen 
and Goddard (1938), and Allen (1942) found increases of from 250 to 650 
per cent in the respiration of wheat infected with Erysiphc graminis tritici. 
Such studies have not been made at a series of temperatures, but one might 
expect less acceleration of the respiration at the lower temperature, and a 
consequent conservation of the respiratory substrate which is presumably 
essential also for the growth of the mildew. Allen's observations (1942) on 
damage to the photosynthetic mechanism and on changes in soluble sugar 
content in infected plants also are in accord with the suggestion made above. 
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Comparative Development of Mildew on Living Plants in Light and 
in Darkness. It seemed desirable to determine how far development of 
the mildew might proceed on the living host in darkness. Accordingly, ten 
pots of wheat plants previously in darkness 24 hours were inoculated. They 
were then divided into five pairs and one pot of each pair was kept in dark¬ 
ness and one was exposed to twelve hours of illumination daily, at each of 
five different temperatures. At regular intervals leaves were fixed and 
bleached in alcohol, cleared in a saturated solution of chloral hydrate, and 
subsequently mounted in lacto-phenol-aniline blue for microscopical exami¬ 
nation. The cycle of powdery mildew development from conidium germina¬ 
tion to conidium formation was arbitrarily divided into ten stages that 
could be easily and unmistakably recognized under the microscope. From 
table 2 it is easy to determine the stage of development attained in either 


TABLE 2. Effect of temperature upon rale of development of powdery mildew on 
Marquis wheat in light and in darkness 

Figures are times in hours 


Stage of 
development 

10° C 

Dark Light 

ir>°c 

Dark Light 

20° C 

Dark Light 

25° C 

Dark Light 

30° C 

Dark Light 

1. Germina¬ 
tion of 
conidia 

12 12 
(few) ( f ow ) 

24 24 

(many) (many) 
48 ' 48 

(many) (many) 

12 12 

12 12 

12 12 

Very sparse 
after 12 hrs. 
Spores ap¬ 
pear coagu¬ 
lated 

2. Penetra¬ 
tion of host 
epidermis 

24-48 24-48 

24 24 

24 24 

24 24 

1 case 
found 
after 

i 24 hrs. 

3. Ilaustorium 
initial 
formed 

72 72 

24 24 

(?) (?) 

48 48 

24 24 

24 24 


4. Haustorium 
fingers 
formed 

96 72-90 

(?) 

48 48 

(?) 

48 48 

48 48 


5. Superficial 
mycelium 
sparse 

(?) 96 

very 
sparse 

72-96 72 

(very 
few 

patches) 

48 48 

48 48 


fi. Haustorium 
fingers 
elongated 

7. Superficial 
mycelium 
moderately 
abundant 

120-144 120 

. . 144 

72-96 72 

(very 
few) 

96 

72 72 

96 72 

72 72 

72 


8. Superficial 
mycelium 
abundant 

. 192 

.... 120 

96 

96 


9. Conidio- 
phores 
forming 

. 216 

. 120 

120 72-96 

(?) 

I 

120 96 

(???) 


10. Conidia 
present 

. 216 

: 

. 120 

| 

.. 72-96 

96 





















138 


BULLETIN OF THE TORREY CLUB 


[VOL. 71 


light or darkness in a given time under the experimental conditions used. 
The data in table 2 refer to stages of development as seen microscopically 
and no reference is made here to the relative virulence of the mildew infec¬ 
tion at different temperatures: Although in no case was the fungus able to 
complete its cycle by producing conidia when kept continuously in the dark, 
it should be noted that for the first two to three days after inoculation devel¬ 
opment of the mildew proceeded at approximately the same rate in both the 
light and the dark. Sufficient carbohydrate reserves probably were available 
in the host to satisfy the requirements of the mold during this period but 
became depleted in the absence of light before development could be com¬ 
pleted. Although conidia were never formed in darkness, conidiophores 
began to form from the rather meager vegetative mycelium on a few plants 
at 20° C and 25° C. At those temperatures the rate of development was the 
same in light and darkness up to the stage at which the superficial mycelium 
commences to spread. At that point development of the fungus in dark¬ 
ness was checked, however. At lower temperatures—i.e., 10° C and 15° C 
—development was arrested at an earlier stage. At 30° C germination 
was poor and no further development occurred. Spores that had been on, 
leaves at 30° C for twelve hours had the same granular and coagulated 
appearance mentioned previously (Pratt 1943) as characteristic of spores 
in hanging drops at 35° C. It should be emphasized that the figures in table 2 
are merely approximations and represent the time at which the particular 
stage described appeared to be the most common one to be seen. 

TABLE 3. Effect of quality of radiant energy upon germination of spores of 
Erysiphe graminis tritici in tap water at 20° C . 


Region of Radiant energy Percentage 

spectrum (ergs/mm.Vsec.) germination 


Ultra-violet . 

6.04 

49.7 

Blue . 

6.20 

76.1 

Green-yellow . . t . 

6.37 

54.5 

Short red. 

6.37 

55.1 

Long red . 

6.37 

52.6 

White light (From Mazda lamp) . 

8.8 

54.8 

Control in darkness . 

. ... 

71.9 


Effect of Light on Germination of Spores. Table 3 shows the results 
obtained when different sets of mildew spores were germinated on tap 
water at 20° C for eight hours in darkness and in different regions of the 
spectrum. All viable spores germinated within eight hours under the con¬ 
ditions of these experiments (see solid curve in figure 1). The relative 
distribution of the energy values from the different light sources is shown 
in figure 2, the legend of which also indicates the source of light for each 
of the wave lengths employed. In each germination test at least 1500 spores 
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were counted, a sufficiently large number to yield reliable results. All but 
one of the wave lengths of light that were studied partially suppressed 
spore germination. Truly critical evaluation and interpretation of the data 



Fig. 1. The solid curve represents the percentage germination of normal Eryaiphe 
spores at hourly intervals. Curves A, B, and C represent the percentage of the spores that 
were germinated after twenty-four hours when the cultures were irradiated for one, five, 
and ten minutes, respectively, with ultra-violet radiation (principally 365 p,) after im¬ 
mersion in water for the number of hours indicated on the abscissa. (See text for further 
explanation.) 

in table 3 are impossible without more knowledge than is now available of 
the mildew spores and the compounds of which they are composed. It may 
be suggested tentatively, however, since no significant effect was noted in 
the blue light (436 p), that one or more compounds present in the spores 
has its minimum absorption (which may be zero) at that wave length and 
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that the absorption increases as the wave length deviates each way from 
436 p. Further speculation at this time is not warranted by the data, but 



I I I I 

1200 1000 . 800 600 400 

WAVE LENGTH 


Fig. 2. Distribution of the energy emitted by the different filter combinations and 
light sources in selected regions of the spectrum. The different points on each curve were 
obtained by multiplying together the filter transmissions and the radiation values of the 
sources at the given wave lengths and adjusting the areas under the curves to equivalent 
values. The source and filter combinations used were as follows: long-red -1000 watt lamp, 
Schott glass filters No. RG 5 (2 mm.) + VG 3 (1 mm.) -f H 2 0, 5 cm.; short-red -1000 watt 
lamp, Corning filter No. 243 + copper sulphate, 1.2 per cent solution 5 cm. deep + H 2 0, 5 
cm.; yellow-green -quartz mercury arc, tartrazine in gelatine filter 4- quinine hydrochloride, 
0.4 per cent solution 5 cm. deep + copper sulphate, 10 per cent solution 2 cm. deep (this 
combination gave about equal transmission of the yellow and green lines); blue -quartz 
mercury ai-c, crystal violet in cellophane filter + quinine hydrochloride, 0.4 per cent solution 
5 cm. deep +,copper sulphate, 20 per cent solution 2.5 cm. deep; ultra-violet-quartz mer¬ 
cury arc, Corning filter No. 586 + copper sulphate, 3 per cent 1 cm. deep. Wave lengths are 
in millimicrons. 
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it may be noted in passing that several biological compounds, including 
some enzymes, are known to possess such characteristics (Miller 1939). 

Figure 1 actually represents two graphs, one superimposed upon the 
other. It shows the percentage germination of Erysiphe spores on tap water 
at successive hourly intervals and also the sensitivity of Erysiphe spores 
to ultra-violet radiation (365 p). The solid curve is a control and first should 
be considered alone and entirely apart from the other curves in the figure. 
It represents the percentage germination of the mildew conidia at hourly 
intervals on hanging drops of tap water. Since maximum germination 
(approximately 75 per cent) of the spores occurred in eight hours, the curve 
was not extended beyond that point although the observations were carried 
out for 24 hours. 

Now the other curves may be considered in conjunction with the solid 
curve. Different groups of spores on tap water were exposed to the un¬ 
shielded radiation from a four-inch quartz mercury arc at a distance of 32 
cm. for periods of one, five, and ten minutes, after different periods of soak¬ 
ing in water. Thus one set consisting of three groups was irradiated at zero 
time; another set of three groups was irradiated after one hour of soaking, 
another after two hours, et cetera. Spores were in darkness the entire time 
they were not being irradiated. Germination counts of all experimental 
cultures were made 24 hours after irradiation and are represented by the 
points plotted in curves A, B, and C. The ordinates for the points plotted 
in curves A, B, and 0 indicate the percentage germination 24 hours after 
irradiation of the drops and the abscissas represent the length of time the 
spores were immersed in water before they were irradiated. Since the solid 
curve represents the percentage germination of normal spores at the times 
indicated on the abscissa, it also indicates the percentage of spores in the 
experimental cultures that had already germinated at the times the different 
sets of drops were irradiated. Thus at each point the vertical distance be¬ 
tween a curve for any irradiated culture (broken line A, B, or C) and that 
for the control culture (solid curve) represents the percentage of spores 
in that experimental set which germinated after irradiation. Although only 
74.8 per cent of the control spores germinated in 24 hours, 85.3 per cent 
of those irradiated for one minute at the time of mounting the preparation 
(zero time) germinated in the same length of time. Maneval (1927) found 
that the teliospores of each of thirty species of rusts required definite rest 
periods for physiological maturation before germination could occur and 
it seems possible that the ultra-violet radiation in these experiments caused 
an artificial maturation of some sort, as has been described for the fruits 
of some higher plants, thus rendering about 10 per cent more of the conidia 
viable. Longer exposures to the radiation were injurious from the start. 
After the spores had become more hydrated, even the short exposure was 
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detrimental to them. The injury increased as more water was taken up, so 
that after three hours of soaking all viable but ungerminated spores were 
killed by exposure for one minute to radiation from this source. All viable 
but ungerminated spores were killed by exposure for five minutes or more 
after two hours of soaking. The suggestion may be offered that increased 
sensitivity after hydration of the spores was due to an alteration of the 
molecular configuration of their constituents and that this alteration tended 
to increase the absorption at the 365 n wave length. Similar phenomena 
were not observed at the other wave lengths that were studied. 

It is considered that the principal new contributions of the present 
work are the microscopical observations on the rate and comparative degrees 
of development of the powdery mildew infection on wheat leaves in the light 
and in the dark and the observations on the influence of ultra-violet and 
other radiation on the mildew spores. 

SUMMARY 

A study was made of the effect of the length of daily period of illumina¬ 
tion upon the infection of wheat (Triticum vulgare) by the powdery mildew, 
Erysiphe graminis tritici. The influence of irradiation from several different 
regions of the spectrum upon germination of Erysiphe spores was also 
observed. 

Infection of wheat occurred when the plants were illuminated for as little 
as one hour each day, although the virulence of the infection was somewhat 
reduced. A three-hour daily period of illumination, however, permitted 
development of heavy infection. In total darkness, the spores of the parasite 
germinated and the young mycelia penetrated the host tissue, but the 
fungus died before sufficient growth occurred for it to become visible 
macroscopically. 

It was found that the blue light (wave length 436 jj) with intensity of 
6.2 ergs/mm. 2 /sec. exerted no effect upon the germination of Erysiphe 
spores. All other regions of the spectrum that were studied at a similar 
energy value seemed to cause an appreciable reduction in the percentage 
of spores that germinated in tap water. The spores were highly sensitive 
to the ultra-violet radiation from a quartz mercury arc and their sensitivity 
increased as they became more hydrated. 

University of California, College of Pharmacy 
San Francisco, California 
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THE RANDOMNESS OF CHROMOSOME DISTRIBUTION 
AT ANAPHASE I IN AUTOTRIPLOID 
LOLIUM PERENNE L . 1 

W. M. Myers 2 

It has been assumed generally that the third set of chromosomes of 
triploids is distributed at random during meiosis except for the loss due to 
lagging. Consequently, it is expected that gametes will be produced with 
chromosome numbers ranging from haploid to diploid in an approximately 
binomial frequency (Darlington 1937). This hypothesis has been tested with 
adequate data in only one species. Satina and Blakeslee (1937a) determined 
the chromosome assortment in the first division of meiosis in 1,000 pollen 
mother cells of triploid Datura stramonium. When compared with the fre¬ 
quencies expected on the basis of binomial distribution of extra chromosomes 
from the trivalents, they found an excess of the assortments from 12-24 to 
15-21, inclusive, and a deficiency of the 17-19 and 18-18 assortments. 
Furthermore, the deviations of observed from expected were so great as to 
leave no question of their statistical significance. In a smaller sample of 
macrospore mother cells of triploid Datura , these authors (1937b) found a 
similar deviation of observed assortments from expected. On the basis of 
their results, Satina and Blakeslee (1937a) concluded, “Despite the lack of 
direct evidence from other forms than Datura , it seems probable that the 
divergence of the assortments at the T division in P.M.C. from calculated 
values is of general occurrence and is to be attributed to the nature of chro¬ 
mosomes and the mechanisms involved in their movements at division.” 

The concept of random assortment of the extra chromosomes in triploids 
and the discrepancies found by Satina and Blakeslee (1937a, b) are of such 
importance in an understanding of chromosomal behavior during meiosis 
that it seems imperative that fhe hypothesis be tested in triploids of other 
forms. Meiotic behavior of an autotriploid plant of Lolium perenne L. was 
reported by Myers (1943), but at that time too few data were available from 
anaphase I to provide a critical test of the hypothesis. The triploid plant 
studied previously was lost, but two more were obtained from crosses of 
autotetraploid with diploid plants. The present investigation deals with the 
occurrence and position of univalents at metaphase I and the chromosome 
numbers in the daughter groups at anaphase I in these two plants. 

i Contribution No. 55, of the U. 8. Regional Pasture Research Laboratory, Divison of 
Forage Ciops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Research Administration, U. 8. Department of Agriculture, State College, 
Pennsylvania, in cooperation with the northeastern states. Assistance in the publication 
of the tables was obtained from the Lucien M. Underwood Memorial Fund. 

*' 2 Geneticist. 
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MATERIALS AND METHODS 

The two triploid plants were grown in pots in the greenhouse during the 
winter of 1942-1943. Flowering was induced by use of supplementary illu¬ 
mination to provide a 16-hour daily light period. The mierosporocyte mate¬ 
rial was fixed in acetic alcohol and was examined as soon as possible, all 
determinations being made within a few days following fixation. All data 
were taken and the photomicrographs were made from fresh aceto-carmine 
smear slides. Material was collected from one plant on four different dates. 
Metaphase I data were taken from only one collection, but anaphase I dis¬ 
tributions were counted in all four. Since the chromosomes were not well 
spread at anaphase I in the second plant and accurate counts were obtained 
with difficulty, only one collection was made from this plant. 

Data were recorded only for anaphase I sporoevtes in which both chro¬ 
mosome groups could be counted with certainty. In this manner, the greater 
ease of counting groups with low numbers was balanced by the correspond¬ 
ingly greater difficulty of counting those with higher numbers. 

EXPERIMENTAL RESULTS 

Univalents at Metaphase I. Univalent chromosomes at metaphase I 
are more common in triploid Lolium per nine (Myers 1943) than in triploid 

TABLE 1. Number and percentage of metaphaxe 1 sporoeytes with various numbers 
and positions of oriented and unoriented univalents 


Frequency of metaphase I sporoeytes showing indicated 
arrangement of unoriented univalents 




0 

0-1 

1-1 

0-2 1-2 0-3 2-2 

1-3 

0-4 

»ub 

total 






No oriented univalents 




No. 


402 

587 

226 

266 125 61 15 

28 

10 

1720 

Per 

cent 

16.1 

23.5 

9.1 

10.7 5.0 2.4 0.6 

1.1 

0.4 

69.0 






One oriented univalent 




No. 


200 

191 

60 

62 27 7 



547 

Per 

cent. 

8.0 

7.7 

2.4 

2.5 1.1 0.3 



21.9 






Two oriented univalents 




No. 


. 96 

51 

14 

14 ... 



175 

Per 

cent 

3.8 

2.0 

0.6 

0.6 . 



7.0 






Three oriented univalents 




No. 


15 

7 





22 

Per 

cent . 

... 0.6 

0.3 


Four oriented univalents 



0.9 

No. 


4 


.... 




4 

Per 

cent ... . 

0.2 


.. 




0.2 


Grand Total 2494® 
100.0 


•Includes 26 sporoeytes (1.0 per cent) with five univalents. 
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Datura stramonium (Satina and Blakeslee 1937a). Since, as will be shown 
later, the position of the metaphase I univalents may influence the distribu¬ 
tion at anaphase I, this factor is of considerable importance. A total of 2,494 
metaphase I sporocytes was recorded (table 1). Sixteen per cent had only 
trivalents; the remainder had one or more univalents, with a maximum of 
five observed in 1 per cent of the cells. In 69 per cent of the cells (including 
the 16 per cent without univalents), there were no univalents oriented on 
the equatorial plate with the bivalents and trivalents, while there was one 
oriented univalent (fig. 1) in 22 per cent of the cells, two in 7 per cent, three 
in 0.9 per cent, and four in 0.2 per cent. 

Univalents oriented in this manner at metaphase I would almost cer¬ 
tainly lag and divide equationally at anaphase T. Such oriented univalents 
do not account, however, for all of the anaphase I laggards. There were 69 
per cent of the metaphase I sporocytes without oriented univalents, but only 
43 per cent of 1,636 anaphase I cells without lagging and equationally divid¬ 
ing chromosomes. Similar comparisons for one, two, three, and four oriented 
univalents at metaphase I and laggards at anaphase I, respectively, were 22 
per cent and 31 per cent; 7 per cent and 18 per cent; 0.9 per cent and 7 
per cent; 0.2 per cent and 1.4 per cent. No doubt some of the univalents 
which were near the equatorial plate but recorded as not oriented would 
have been oriented at a slightly later stage of metaphase I or at early ana¬ 
phase I. Also, some of the excess of laggards probably arose from the dis¬ 
junction of trivalents in the manner described by Darlington (1929, 1937) 
and Myers (1943). 

The univalents that were not oriented on the equatorial plate were found 
In positions ranging from near the main group of chromosomes to near the 
poles. Where two such univalents occurred in the sporocytes having no 
oriented univalents they were found to lie on the same side of the equatorial 
plate (0-2 position) in 266 sporocytes (fig. 2), and one on each side (1-1 
position) in 226 sporocytes. The fit of the observed ratio to the expected 
1:1 was satisfactory as showrl by X 2 (0.10 > P > 0.05). It is apparent 
(table 1) that the 1-1 and 0-2 positions likewise occurred in approximately 
equal frequencies in the sporocytes with one and with two oriented uni¬ 
valents. With three unoriented univalents the 1-2 and 0-3 (fig. 3) positions 
are expected in a 3:1 ratio. Among the sporocytes without oriented uni¬ 
valents, the distribution of these two types deviated significantly from 
expected (X 2 gave 0.02 > P > 0.01). On the other hand, the fit to a 3:1 
ratio was good for the sporocytes with a single laggard. In cells with four 
unoriented chromosomes, positions 2-2, 1-3, and 0-4 (fig. 4) are expected 
in a 3: 4* 1 ratio and the fit of observed to calculated was satisfactory when 
tested by X 2 (0.30 > P > 0.20). 

The results indicate that in general the unoriented metaphase I uni¬ 
valents occur on either side of the equatorial plate at random. 
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Influence of Metaphase I Univalents upon Distributions Expected at 
Anaphase I. The influence of the position of unoriented metaphase I uni¬ 
valents upon expected frequencies of various anaphase 1 distributions is 
shown in table 2. At anaphase I in this material, no group was observed 
with less than seven chromosomes. It is probable that one chromosome from 
each bivalent and trivalent almost invariably moves to each pole at anaphase 
I. The third chromosome of the trivalents might be expected to pass to either 



Metapliase I and anaphase I of meiosis in triploid Lolium pcrenne. Ca 840 x. Fig. 1. 
Metaphase I with one oriented univalent. Fig. 2. Two unoriented univalents in 0—2 
position at metaphase I. Fig 3. Three unoriented univalents in 0-3 position at mctaphase 
T. Fig. 4. Four unoriented univalents in 0-4 position at metaphase I. Fig. 5. Anaphase 
I with one lagging and dividing univalent and a 9-11 ehromosome distribution. 

pole strictly at random, in which case the distribution of the extra seven 
chromosomes may be calculated from (M^ 1 /^) 7 (table 2). In sporocytes 
with one unoriented univalent the distribution likewise should fit the bi¬ 
nomial (M> + ) 7 if it is assumed that the position of the univalent is inde¬ 
pendent of the distribution of extra chromosomes from the trivalents. When 
there are two univalents, both unoriented, the expected distribution differs 
appreciably from the binomial (% + %) 7 , whether the position of the uni¬ 
valents is 1-1 or 0-2 (table 2). If, on the other hand, these two positions 
occur with equal frequency, the average of their anaphase I assortments will 
be exactly like that expected from the random distribution of seven chromo- 
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somes. A similar situation obtains for three unoriented univalents, the ex¬ 
pected average anaphase I assortments fitting the binomial (% + if the 
1-2 and 0-3 positions of the univalents occur in a 3:1 ratio. The same 
average of anaphase I distributions is expected from sporocytes with four 
unoriented univaJents if the 2-2, 1-3, and 0-4 positions occur in a 3:4:1 
ratio. 

There may be calculated also the expected ratios of anaphase I distri¬ 
butions when there are one, two, and three lagging chromosomes (oriented 
metaphase I univalents). In these cases, too, the unoriented metaphase I 
univalents will not affect the ratio of anaphase I assortments if their posi¬ 
tions relative to the equatorial plate are at random. 


TABLE 2. Frequencies of different anaphase 1 distributions , calculated on the 
assumption of random disjunction of third chromosome of trivalents, expected from 
metaphase I sporocytes with no oriented and various numbers of unoriented univalents. 


Number and 
position of 
univalents at 
metaphase I 

Percentage of sporocytes with indicated distribution of anaphase I 

7-14 

8-13 

9-12 

10-11 

0 

1.56 

10.94 

32.81 

54.69 

0-l» 

1.56 

10.94 

32.81 

54.69 

1-1 

0 

6.25 

31.25 

62.50 

0-2 

3.12 

15.62 

34.38 

46.88 

1-2 

0 

6.25 

31.25 

62.50 

0-3 

6.25 

25.00 

37.50 

31.25 

2-2 

0 

0 

25.00 

75.00 

1-3 

0 

12.50 

37.50 

50.00 

0-4 

12.50 

37.50 

37.50 

12.50 


* The position of the univalents relative to the equatorial plate. 0-1 indicates a single 
univalent, 1—1 indicates two univalents, one on each side of the plate, 0-2 indicates two 
univalents on one side, etc. 


The calculations for table 2 and comparisons with univalent positions 
shown in table 1 are based on the premise that oriented metaphase I uni¬ 
valents lagged at anaphase I while unoriented univalents were included in 
the daughter chromosome group at the pole near which they lay. It was 
shown from comparisons of frequencies of oriented univalents and anaphase 
I laggards that some of the unoriented univalents probably later became 
oriented and lagged at anaphase I. This might be expected to occur at ran¬ 
dom so that the relative frequencies of complementary types, i.e., 1-1 with 
0-2 positions, etc., will remain unchanged. Since the data presented in table 
1 indicated a general tendency for the unoriented univalents to lie on either 
side of the equatorial plate at random (relative to other univalents), it 
appears legitimate to calculate the frequencies of different anaphase I assort¬ 
ments by *the expansion of for sporocytes without laggards, 

(% + 1 /4) 8 for sporocytes with one laggard, (V2 + V2) 5 for sporocytes with 
two laggards, and ( 1 / 4 5 + ^) 4 for sporocytes with three laggards. 
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Chromosome Assortment at Anaphase I. In the four collections from 
plant 2, counts of chromosome numbers were obtained from a total of 641 
anaphase* I sporocytes without laggards (table 3). The fit of the total 
observed ratio to expected on the basis of random assortment was satisfac¬ 
tory as indicated by the X 2 test (0.20 > P > 0.10). Values of P > 0.05 also 
were obtained for the data from collections 1 and 3 from this plant but with 
the data from collections 2 and 4, the deviations of observed from calculated 


TABLE 3. Observed and calculated numbers of four types of anaphase I distribu - 
tions in sporocytes without lapping chromosomes. 


Source of data 


Number of anaphase I with indicated 
distribution 

X 2 for 



7-14 

8-13 

9-12 

10-11 

Total 

3 D/F | 

2 D/F* 

Plant 2, Coll. 1 

Obs. 

1 

15 

41 

102 

159 




Cal. 

2.5 

17.4 

52.2 

87.0 

159 

6.208 

5.751 

Coll. 2 

Obs. 

9 

21 

65 

127 

222 




Cal. 

3.5 

24.3 

72.8 

121.4 

222 

10.358 

1.284 

Coll. 3 

Obs. 

I g 

23 

69 

116 

I 210 


i 


Cal. 

3.3 

23.0 

68.9 

114.8 

210 

0.512 

0.072 

Coll. 4 

Obs. 

3 

2 

21 

24 

50 




Cal. 

0.8 

5.5 

16.4 

27.3 

50 

10*217 

1*948 

TotaF 

Obs. 

15 

61 

196 

369 

641 




Cal. 

10.0 

70.1 

210.3 

350.6 

641 

5.606 

2.160 

Total of Plant 2 

Obs. 

15 

70 

216 

401 

702 



Plus Plant 1 

Cal. 

11.0 

76.8 

230.3 

383.9 

1 702 

3.733 



a Combining the 7-14 and 8-13 classes. 

b For plant 2, using four classes, total X2zr 27.295 (12 D/F) and X2 for heterogeneity 
= 21.689 (9 D/F). Combining the 7-14 and 8-13 classes, total X s = 9.055 (8 D/F) and 
X h 2-6.895 (6 D/F). 

exceeded the conventional level of significance (0.02 > P > 0.01). Total X 2 
and X 2 for heterogeneity for this plant likewise exceeded X 2 for P of 0.01. 
It is apparent from examination of the data from collections 2 and 4 that 
the deviations in the 7-14 class are the principal contributors to the high 
values of X 2 . The difficulty arises from using X 2 when the calculated num¬ 
bers are small (Fisher 1936). When the data for the 7-14 and 8-13 classes 
were combined, the fit of observed to calculated was satisfactory as indi¬ 
cated by X 2 for each collection, X 2 for total, total X 2 , and X 2 for hetero¬ 
geneity (table 3). When the data for plant 1 were combined with those for 
plant 2 (table 3), there was a total of 702 sporocytes. The fit of the observed 
ratio to calculated was good (0.30 > P > 0.20). 

In addition to sporocytes without laggards, data were obtained from 501 
anaphase I cells with one laggard (fig. 5), 293 with two, 117 with three, and 
23 with four. The values of X 2 for the data from the four collections of 
plant 2 for the sporocytes with one, two, and three laggards are summarized 
in table 4. All values of total X 2 , X t 2 , and X n 2 gave P > 0.05 either when 
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all classes were used or when the two classes with low calculated frequencies 
were combined. The fit of observed to calculated also was good in each of the 
three types of sporocytes when the data from plant 1 were combined with 
data from plant 2. For sporocytes with one laggard 0.30 > P > 0.20, for 
those with two laggards 0.95 > P > 0.90, and for those with three laggards 
0.50 > P > 0.30. 


TABLE 4. Summary of degrees of freedom and values of total X\ X i for totalfand 
X 9 for heterogeneity obtained from data on anaphase I distribution from four collections 
of plant # for sporocytes with one, two , and three lagging chromosomes. 




Value of X 2 for sporocytes with indicated 




number of laggards 


Number of 
classes used 








Source of X 2 

One 

Two 

Three 



P/E 

X*b 

D/P 

X 2 * 

P/F 

X 5 * 


Total X 2 

12 

16.017 

8 

3.605 

8 

£,761 

All 

X 2 for total 

3 

3.300 

2 

0.270 

O 

0.127 


X 2 for heterogeneity 

0 

12.717 

6 

3.335 

6 

2.634 

Combining 
two classes 8 

Total X 2 

8 

7.821 

’ 4 1 

0.688 

4 

1.677 

X 2 for total 

2 

3.258 

1 

0.166 

1 

0.007 

X 2 for heterogeneity 

6 

4.563 

3 

0.522 

3 

1.670 


a 7-13 and 8-12 classes for sporocytes with one laggard, 7-12 and 8-11 classes for 
those with two laggards, and 7—11 and 8-10 classes for those with three laggards. 
b All values of X 2 give P > 0.10. 


DISCUSSION 

The results from metaphase 1 of triploid Lolium percnnc are consistent 
in general with the assumption that the unoriented univalents lie in the 
microsporocyte at random relative to one another and to the equatorial plate. 
The single exception was in the sporocytes with three univalents, all unori- 
ented, in which the observed ratio of 1-2 and 0-3 positions deviated from 
the expected 3:1 by an amount greater than could be attributed to chance 
more than one or two times in a hundred. Since all other results were con¬ 
sistent with the hypothesis, it seems probable, nevertheless, that the devia¬ 
tion in this one instance may have been due to chance. 

The distributions at anaphase I also were consistent with the hypothesis 
of chance position of the unoriented metaphase I univalents and random 
assortment of the extra chromosomes of the trivalents. Thus the results from 
Lolium perenne are contrary to those obtained by Satina and Blakeslee 
(1937a) from triploid Datura stramonium. Rather large samples of sporo¬ 
cytes were used in both experiments and, as pointed out by Satina and 
Blakeslee (1937a), the chances for systematic errors in observation affecting 
the results obtained seem to be small. Furthermore, the consistency of results 
within both species seems to rule out the possibility that the differences in 
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results are due to chance. It is apparent that the assortment of extra chro¬ 
mosomes at anaphase I in L. perenne is not like that in D. stramonium . It 
may be questioned, therefore, whether the unexpected behavior in Datura 
may be attributed, as the authors suggested (1937a), to the general nature 
of chromosomes and the mechanisms involved in their movements at division. 
Data from other species besides Datura and Lolium are required before the 
general problem of assortment of extra chromosomes can be evaluated 
properly. 

SUMMARY 

The occurrence and position of univalents at metaphase I and the assort¬ 
ment of chromosomes at anaphase I were studied in inierosporocytes from 
two autotriploid plants of Lolium perenne L. In 84 per cent of 2,494 meta¬ 
phase 1 sporocytes, from one to five univalents were found. Of these uni¬ 
valents there was one oriented on the equatorial plate in 22 per cent of the 
sporocytes, two oriented in 7 per cent, three in 0.9 per cent, and four in 0.2 
per cent. In sporocytes with two or more unoriented univalents, the uni¬ 
valents lay in the sporocyte at random relative to one another and to the 
equatorial plate. 

The distribution of chromosomes in 1,636 anaphase I sporocytes was con¬ 
sistent with the assumption of chance position of the metaphase I univalents 
and random assortment of the extra chromosomes of the trivalents. The 
behavior in triploid Lolium perenne differs from that found in triploid 
Datura stramonium by Satina and Blakeslee (1937a, b). 
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STUDIES IN ONAGRACEAE—XIII. 1 THE AMERICAN 
SPECIES OF LUDWIGIA 

Philip A. Munz 

It is a pleasure to acknowledge indebtedness to those in charge of the 
herbaria listed below and to thank them for their kindness in loan of ma¬ 
terial used in the preparation of this paper: Field Museum, Chicago, Ill. 
(FM) for special material; Gray Herbarium of Harvard University (GH); 
New York Botanical Garden (NY); Pomona College (POM); United States 
National Herbarium (US) for special material. 

It is my regret that in this country we do not have ample material of 
Ludwigia from the Old World to warrant my including a treatment of the 
species occurring there, but under the present world conditions it is impossi¬ 
ble to borrow such material. 

THE GENUS LUDWIGIA 2 

Flowers normally 4-merous, the stamens as many as the sepals and with 
relatively short filaments. Petals often small or lacking; if conspicuous 
usually early deciduous. Hypanthium not prolonged beyond the ovary; 
sepals persistent. Summit of ovary truncate or flattish, or crowned with 
pyramidal to depressed persistent 4-lobed base of style (stylopodium) ; style 
short; stigma capitate to somewhat 4-lobed. Capsule subspheric, to obpyra- 
midal, to elongate and angled or subterete, dehiscing by a terminal pore or 
longitudinally. Seeds numerous, naked with evident raphe and raultiseriate 
in each cell, or rarely enclosed in endocarp and uniseriate. Mostly perennial 
swamp-plants, with opposite or alternate leaves and solitary axillary flowers 
or these in terminal spikes or heads. 

Type species: L. alternifolia L. A genus of about 30 species, largely 
American, but with a few in the warmer regions of the Old World. Named 
for C. G. Ludwig (1709-1773), professor in Leipzig. Among the Old World 
species may be cited: 

(1) L. palustris , common to both Old and New Worlds. 

(2) L . ovalis Miq. from Japan; of the sect. Dantia. 

(3) L. parviflora Roxb. of Asia and Africa; it may well be a synonym of 
L. perennis L. 1753, a much earlier name. It surely is the same as Jussiaea 
caryophyllea Lam. 1789. It very much resembles J. erecta. 

(4) L. prostrata Roxb. 1820, for which L. jussiaeoides Desr. in Lam. 1789 
is an earlier name. It is near to Jussiaea linifolia Vahl in its uniseriate seeds, 
each inclosed in. a spongy almost rhomboid endocarp. 

From a study of the above species one might conclude that Ludwigia was 
derived from Jussiaea , to which it is closely related in its persistent sepals, 
bracteolek at base of hypanthium, mostly multiseriate ovules, etc., and from 

1 No. XII of this series was published in Darwiniana 4: 179-284. 1942. 

2 For spelling, see Int. rules of bot. nomen., ed. 3, Art. 71(4). 1935. 
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which it is largely separated by having 4 instead of 8 stamens. It may well 
have arisen by the suppression of the inner whorl of stamens and have origi¬ 
nated in the Old World, L. perennis and L . jussiaeoides being primitive. 
Within the genus are tendencies to suppress petals, shorten the fruit, de¬ 
velop a stylopodium, toward opposite and even verticillate leaves, etc. 

Synonymy in the genus being well established and for the sake of space, 
it is omitted here. 

KEY TO AMERICAN SPECIES OF LUDWIGIA 

A. Leaves opposite to whorled; flowering stems prostrate, creeping or float¬ 
ing, rooting freely. 

B. Petals lacking or minute; leaves petiolcd. (Sect. Dantia.z) 

Type species: L. paluatris (L.) Ell. 

C. Plants definitely pubescent; bracteoles of hypanthium base not 

evident. 3. L. spathulata. 

CC. Plants essentially glabrous; bracteoles usually evident under a 

lens. 

D. Hypanthium and capsule with 4 evident longitudinal green 
bands and with basal bracteoles not more than 1 mm. long or not 
evident; petals lacking. 2. L. palustris . 

Dl). Hypanthium and capsule lacking green bands, with brac¬ 
teoles above the base and 1-5 mm. long; petals present but easily 
shed. 3. L. natans . 

BB. Petals conspicuous; leaves subsessile. (Sect. Ludwigiantha , 4 ) 

Type species: L. arcuoia Walt. 

(\ Pedicels usually 15-35 mm. long, exceeding leaves; petals usually 
8-10 mm. long, exceeding sepals. Ho. Car. to Fla. 4. L. arcuata. 

CC. Pedicels shorter than leaves; petals 1.3-6 mm. long, not exceed¬ 
ing sepals. 

1). Leaves opposite. Plants of IT. S. 

E. Pedicels 5-15 mm. long; sepals 4-6 mm. long, N. J. to 
So. Car. 5. L. brevipes. 

EE. Pedicels 1-2 mm. long; sepals 2.5-3 mm. long. R. 1. and 
Conn. 6. L. lacustris. 

1)1). Leaves whorled. Plants of So. Mexico to Panamd. 7. L. verticillata. 

A A. Leaves alternate; flowering stems erect or ascending. 

B. Capsule on a short pedicel and opening by a terminal pore, cubic- 
spherical; roots fascicled, often fusiform-thickened; stolons lacking. 

(Sect. Ludwigiaria.'*) 

a JJantia , as sect., DC. Prodr. 3: 61. 1828; as genus, Petit ex L. Gen. ed. 1, 337. 1737. 
Danthia Steud. Norn. ed. 2, 1: 482. 1840. Ixnardia as sect., Torrey & Gray, FI. N. Am. 1: 
525. 1840; as genus, L. Sp. PI. 120. 1753. Rather succulent herbs, usually with opposite 
petioled leaves which are not much reduced up the stems; rooting freely at nodes; stipules 
minute, triangular, glandlike; flowers minute, solitary in axils; hypanthium oblong-ob- 
ovoid or turbinate, somewhat 4-sided, with or without basal bracteoles; sepals deltoid; 
petals present or lacking; capsule more or less corky, septicidal, short, flat at the some¬ 
what 4-lobed apex. 

4 Ludwigiantha, as sect., Torrey & Gray, FI. N. Am. 1: 526. 1840; as genus, Small, 
Bull. Torrey Club 24: 177-178. 1897. Stems prostrate or decumbent, creeping or floating; 
leaves opposite to whorled, sessile or nearly so, numerous, not much reduced up the stems; 
flowers solitary in leaf-axils, pedicelled, with pair of setaceous bractlets at base of hypan¬ 
thium; petals conspicuous, but readily shed; filaments widened toward base; capsules 
usually curved at base, elongate-clavate, with a prominent 4-lobed stylopodium. 

s Ludwigiaria , as sect., DC. Prodr. 3: 60. 1828. Sect. Euludwigia , Torrey & Gray, FI. 
N. Am. 1 : 522. 1840; ‘ i Alternifbliae” of Small, Man. S.E. FI. 941. 1933. Roots fascicled, 
more or less fusiform, perennial; stems erect; leaves alternate; petals well developed; 
stylopodium hairy; capsules pedicelled, opening by a terminal pore on dehiscence of style, 
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Type species : L. alternifolia L. 

C. Plant hirsute; capsules hirsute, shorter than the lance-deltoid 

sepals which are about 1 cm. long in fruit. 8. L. hirtella. 

CC. Plant glabrous or puberulent; sepals ovate to lance-ovate. 

D. Cauline leaves sessile; petals much longer than sepals; pedicel 
longer than capsule. 

E. Style 7-10 mm. long; leaves glabrous to minutely puberu¬ 
lent under a lens; flowers in axils of bracts less than 1 cm. 
long. 9. L. virgata. 

EE. Style 3-5 mm. long; leaves obviously pubescent, usually 
to naked eye; flowers borne in axils of bracts 1-2.5 cm. long. 

10. L. maritima. 

DD. Cauline leaves with short petioles; petals about as long as 
sepals; pedicel not longer than capsule. 11. L. alternifolia. 

BB. Capsule sessile, dehiscing by valves separating from the disk-like 
top; plants with creeping stolons. (Sect. Microoarpium , 6 ) 

C. Capsule about as long as thick, subspherical to cubic-spherical. 

D. Cauline leaves not spatulate; capsule mostly 3-5 mm. long. 

E. Plant conspicuously pilose; upper leaves subelliptic; flow¬ 
ers somewhat crowded at ends of branches. 12. L. pilosa. 

EE. Plant glabrous to puberulent to pubescent in upper parts; 
upper leaves mostly lance-linear. 

F. Flowers in terminal heads; bractlets at base of hypan- 
thium ovate to elliptic-lanceolate. 13. L. stuffruticosa. 

FF. Flowers in elongate interrupted leafy spikes; brac- 
teoles mostly more narrow or lacking. 

G. Capsules sharply 4-angled or -winged. 

H. Seeds cylindric, 3-4 times as long as wide; 
sepals deltoid-ovate, about as wide as long, shorter 
than the capsule. 14. L. lanceolata . 

HH. Seeds ovoid, about twice as long as wide; 
sepals slightly longer than wide, about as long as 
capsule. 15. L. alata. 

GG. Capsules subglobose, scarcely 4-sided. 

H. Bracteoles at or just above base of hypanthium, 

2-5 mm. long; seeds yellowish. 1(5. L. polycarpa. 

HH. Bracteoles if evident less than 1 mm. long; 
seeds brown. 17. L. sphaerocarpa. 

DD. Cauline leaves spatulate or nearly so; capsule 1-3 (4) mm. 
long. 

E. Capsule 1-1.5 mm. long, shorter than the broad spreading 
sepals; leaf-blades usually at least half as wide as long. Car. 
to La., Bahamas, Cuba. 18. L. microcarpa. 

EE. Capsule 2-4 mm. long, longer than sepals. 

F. Leaf-blades spatulate-obovate to spatulate, 3-7 mm. 
wide, about 2-3 times as long. 

G. Capsule 2-2.5 mm. long; leaf-blades mostly at least 

half as wide as long. Fla., Cuba, Jamaica. 19. L. Simpsoni. 

GG. Capsule 3-4.5 mm. long; leaf-blades mostly about 

one-third as wide as long. Fla. 20. L. spathulifolia . 

cubic-spherical, perhaps tardily loculicidal; bracteoles well developed at base of hypan¬ 
thium; base of stem often with considerable aerenchyma but lacking stolons. 

6 Miproc&rplum Munz, sect. nov. (“ Microcar peae” of Small, Man. S.E. FI. 941. 
1933.) Plantae nostrae fere perennefe, cum stolonibus foliosis et postea surculis erectis; 
foliifc alternis; floribus sessilibus axillaribusque, aliquando in spicis aut capitulis con- 
fertis; capsula valvis dehiscente, quae ab apice discoideo separant, subspherica aut cubico- 
spherica aut obpyramidale aut cylindrica. Type species ; L. pilosa Walt. 
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FF. Leaf-blades nai-row-spatulate, 1-3 (4) mm. wide, at 
least 4 times as long; capsule 2.5-3.5 mm. long. Fla. 21. L.Curtissii . 
CC. Capsule definitely longer than thick, cylindric to 4-angled. 

D. Petals lacking; bracteoles linear, scarcely 1 mm. long; cap¬ 
sules subeylindric, sometimes slightly 4-grooved. 25. L. glandvlosa. 

1)D. Petals equalling or exceeding sepals, but easily shed. 

E. Capsules subeylindric, not much thickened upward. 

F. Leaves linear, 1-2.5 mm. wide; sepals 4-6 mm. long; 
capsules 8-9 mm. long. U.S. 22. L. Uni folia. 

FF. Leaves narrow-spatulate, 2-5 mm. wide; sepals 2 mm. 
long; capsules 5-7 mm. long. Cuba. 23. L. stricta. 

EE. Capsules 4-angled, about twice as thick at summit as at 
base. U.S. 24. L. linearis . 


TREATMENT OF SPECIES 

1. Ludwigia sPATiiULATA Toit. & Gray, FI. N. Am. 1: 526. 1840. 

Isnardia spathulata Kuntze, Rev. Gen. 1; 251. 1891; Small, Bull. Torroy Club 24: 
177. 1897. 

Plant pubescent; stems 1-3 dm. long; leaves rhombic-spatulate to ovate, 
1-1.5 (2) cm. long, 3-8 mm. wide, with 4-5 inconspicuous veins on eaeli side 
of midrib, gradually narrowed into petioles 3-10 mm. long; sepals suborbicu- 
lar-ovate, 1-1.5 mm. long; petals lacking; capsule globose-obovoid, 3 mm. 
long. 

Type locality: “Middle Florida, Dr. Chapman.” Material seen , all from Florida: 
without definite locality, Chapman (Gil) ; Gadsden Co., Chapman in 1835 (NY) ; Walton 
Co., T)e Funiak Springs, Curtiss 6853 (Gil, NY). 

2. Ludwigia palustkis (L.) Elliott, Sketch Bot. S. Car. & Ga. 1: 211. 
1821. 


Isnardia palustris L. Sp. PL 120. 1753. 

Nearly or quite glabrous, succulent; leaves lanceolate to elliptic-ovate, 
the blades 3-25 mm. long, on petioles 3-20 (25) mm. long; flowers sessile, 
axillary; hypanthium usually with 4 longitudinal green bands; capsule 
somewhat corky, oblong-obovoid, somewhat 4-sided, rounded at base, trun¬ 
cate at apex, 2-5 mm. long, 1.4-3.5 mm. thick. 

The var. t if pica Fernald & Griscom (Rhodora 37 : 176. 1935) is character¬ 
ized by having the green bands on the hypanthium terminating well below 
the summit. It occurs in Europe, Africa, and western Asia. The American 
varieties were recently thoroughly treated by Fernald and Griscom (Rho¬ 
dora 37 : 176) and for sake of space do not need consideration here. They 
may be keyed as follows: 

A. Leaf-blades usually at least half as wide as long; capsules 2-3.5 mm. 
thick. Atlantic Coast to Cascade Mts. and Sierra Nevada; occasional to 
Central America. , var. amcricana (DC.) Fern. & Griscom. 

AA. Leaf-blades one-third to one-fourth as wide as long. 

B. Leaf-blades mostly less than 1 cm. long; capsules less than 2 mm. 

thick. Southern U.S. to Colombia. var. nana Fern. & Griscom. 

BB. Leaf-blades mostly more than 1 cm. long; capsules 2-2.8 mm. thick. 

Brit. Columbia to Calif, west of the mts. var. pacifioa Fern. & Griscom. 
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3. Ludwigia natans Elliott, Sketch Bot. S. Car. & Ga. 1: 581. 1821. 
Much like L. palustris, but leaf-blades 5-45 mm. long, 3-30 mm. wide, 

rhombic-ovate to almost orbicular-ovate or -obovate; flowers sessile or short- 
pedicelled; hypanthium lacking green bands, and with more evident bract- 
lets ; capsule 3-8 mm. long. 

Key to Varieties of L. natans 

A. Fruits 3-5 (6) mm. long, sessile or on pedicels up to 1 mm. long; brac- 

tcoles mostly 1-3 mm. long; petioles mostly 3-10 mm. long. Carolina to 

Missouri, Texas, Cuba, Bermuda. var. typica Fern & Griscom. 

AA. Fruits 6-8 mm. long; bracteoles mostly 2-5 mm. long; petioles 5-20 

mm. long. 

B. Fruits sessile, mostly 2-2.5 mm. thick. Atlantic Coast of U.S. to 

Rocky Mts. and West Indies. var. rotundata (Griseb.) Fern. & Griscom. 

BB. Fruits on pedicels 2-4 mm. long and mostly 3-3.5 mm. thick. S. 

Calif. var. stipitata Fern. & Griscom. 

Since this species was also recently treated by Fernald & Griscom, Rho- 
dora 37 : 175. 1935, I shall omit further discussion here. 

4. Ludwigia arcuata Walt. FI. Car. 89. 1788. 

Jsnardia arcuata Kuntze, Rev. Gen. 1: 251. 1891. Ludwigiantha arcuata Small, Bull. 
Torrey Club 24: 178. 1897. Ludwigia pedunculosa Michx. FI. Bor. Am. 1: 88. 1820. Isnardia 
pedunculosa DC. Prodr. 3: 60. 1828. 

Fleshy, subglabrous to strigulose, the creeping stems 5-25 cm. long; 
leaves rather crowded, the blades oblanceolate to elliptic-linear, 8-20 mm. 
long, 1-2.5 mm. wide, sessile or nearly so; pedicels 15-35 mm. long; bracte¬ 
oles 1-3 mm. long; hypanthium elongate-funnelform; sepals linear-lanceo¬ 
late, spreading, acuminate, 4-8 mm. long; petals 6-10 mm. long; capsule 
clavate-oblong, somewhat arcuate at base, 6-8 mm. long, 2-3 mm. thick, 
somewhat 4-sided. 

Type locality: Carolina; range from South Carolina to Florida. Represented by: S. 
Carolina: Charleston Co., near Charleston, Ravenel (GH). Georgia: Chatham Co., Sa¬ 
vannah, Canby in 1869 (GH, NY). Florida: Leon Co., Jackson Lake, Wiegand Manning 
2182 (GH, POM); Jefferson Co., Lloyds, Nash 2509 (GH, NY); Lake Co., Eustis, Nash 
607 (GH, NY); Hillsborough Co., Tampa, Curtiss 984 (GH, NY). 

5. Ludwigia beevipes (Long) E. H. Eames, Rhodora 35 : 228. 1933. 

Ludwigiantha brevipes Long, in Britton & Brown, Ill. FI. ed. 2, 2: 586. 1913. 

Leaves 2-6 mm. wide; pedicels 5-15 mm. long; petals 4-6 mm. long; 
capsule clavate, 7-10 mm. long. 

Type locality: Little Egg L. S. S., Long Beach Island, Ocean Co., New Jersey. Rang¬ 
ing south to S. Carolina. Represented by: Long 173 , type coll. (GH, NY). Virginia: 
Fernald $ Long 8876 (GH, NY, POM); Fernald # Long 4070 (GH, NY). N. Carolina: 
Godfrey 5247 (GH). S. Carolina*. Godfrey $ Tryon 1195 (GH, NY, POM). 

6 . Ludwigia lacustris E. H. Eames, Rhodora 35 : 228. 1933. 

X. lacustris f. aquatilis Eames, Rhodora 35: 229. 1933. 

Like the preceding, but with pedicels 1-2 mm. long; petals 1.3-3 mm. 
long; capsules about 5 mm. long. 
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Type locality: Watchaug Pond, Charleston, Washington Co., R. I. Type seen, also 
collections from Connecticut: New Haven Co., Guilford, Earner 1147$, 11474a, 11475, 
11476 (GH); New London Co., Old Lyme, Eames 114&6, 11494, 11495 (GH); Lyme, 
Eames 11460 (GH). 

7. Ludwigia verticillata Munz, sp. nov. 

Caules tenues, 1-2 mm. crassi, subglabri, virides, cum ramis decumbenti- 
bus aut ascendentibus, 3-15 cm. longis; internodis 2-8 mm. longis; foliis 
numerosis, verticillatis (3, 4, ad 6), anguste elliptico-oblanceolatis, 8-18 mm. 
longis, 1-3 mm. latis, in extremis ambobus acutis, subintegris, glabris, cum 
petiolis 1-2.5 mm. longis, laminis cum 7 venis principalibus in latere quoque; 
floribus paucis, in axillis superioribus solitariis; pedicellis 1.5-3 mm. longis; 
bracteolis vix evidentibus; hypanthio glabro, clavato-subcylindrico, in 
anthese 5-6 mm. longo; sepalis deltoideo-ovatis, 2.5-4 mm. longis, 1.5-2 mm. 
latis, subobtusis, 3-5-venatis; petalis 4-5 mm. longis et latis; staminibus 
1.5-2.5 mm. longis; filamentis base latis; antheris circa 0.7 mm. longis; 
stylopodio depresso, piloso; stylo crasso, ca. 2 mm. longo; stigmate 1 mm. 
crasso; capsula glabra, 7-8 mm. longa, 1.5-2 mm. crassa, vix 4-angulata, cum 
stria mediana in superficie quoque; seminibus in serie una indefinita in 
loculo quoque, subovoideis, ca. 0.6 mm. longis, ferrugineis, nitidis. 

Type: Laguna de Portola, near Chepo, province of Panama, Panamd, at 50 m. alt., 
H. Pittier 4605 , Oct., 1911, U. 8. Nat. Herb. no. 079760. Other collections seen: Hon¬ 
duras: Amapala, Isla Tigre, Slandley #0771 (UK). Mexico: * 1 Acapulco and vicinity,” 
Palmer 577 (UK). 

In general appearance, elongate fruit, broad filaments and evident petals 
near to L. lac ns tr us, L. brcvipes, etc., but distinct in its whorled leaves, seeds 
seemingly in 1 row, stylopodium less prominent and hairy, reduced braete- 
oles, and southern range. 

8. Ludwigia hiktella Raf. Med. Rep. N. Y. 5: 358. 1808. 

Isnardia hirtella Kuntze, Rev. Gen. 1: 251. 1891. L. pilosa Elliott, Sketch Bot. S. Car. 
& Ga. 1: 216. 1821, not Walter, 1788. L. permollis Barton, FI. Virg. 1: 52. 1812, from 
description. L. hirsute Pursh, FI. Ain. Sept. 1: 110. 1814, not Desr. 1789. Isnardia hirsuta 
R. & S. var. permollis DC. Prodr. 3: 60. 1828. 

Erect, 3-9 dm. high, hairy; leaves sessile, lance-oblong to ovate-oblong, 
hirsute, 2-5 cm. long, 0.5-1.2 cm. wide, gradually reduced upward; pedicels 
3-8 mm. long; bracteoles 3-4.5 mm. long; sepals 7-10 mm. long; petals 10-15 
mm. long; capsule subglobose-cubical, hirsute, green at the prominent 
angles, 4-6 mm. long; seeds 0.6 mm. long. 

Type locality: Baltimore, Md. Range along the coast from New Jersey to northern 
Florida, and eastern Texas. For sake of space citation of specimens is omitted. 

9. Ludwigia virgata Michx. FI. Bor. Am. 1: 89. 1803. 

Isnardia virgata DC. Prodr. 3: 60. 1828. 

Stems simple or few-branched, fine-puberuient to glabrous, 3-8 dm. high; 
leaves sessile, not crowded, lowermost oblong, 1-3 cm. long, principal ones 
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oblong-lanceolate to oblong-linear, 3-6 (8) cm. long, 3-7 mm. wide, gradu¬ 
ally reduced up the stem to oblong-linear bracts 5-8 mm. long; leaves sub- 
glabrous to puberulent; flowers in terminal spicate racemes; pedicels 6-10 
(15) mm. long; bracteoles 2-5 mm. long; sepals reflexed, 6-11 mm. long, 
3,5-4.5 mm. wide, lance-deltoid; petals 10-15 mm. long; style 7-10 mm. long ; 
stigma 2 mm. thick; capsule subglobose-spherical, 5-6 mm. long, almost 
winged at the sharp angles; seeds light brown, shining, 0.6-0.7 mm. long. 

Type locality: S. Carolina. Ranging along the coast from North Carolina to northern 
Florida. Much material which has been referred here belongs to L. maritima. Representa¬ 
tive of L. virgata: N. Carolina: New Hanover Co., Wilmington, Biltmorc Herb. 4168 
(GH, NY); Moore Co., Pine Bluff, Wiegand $ Manning 2208 (GH); Columbus Co., Bol¬ 
ton, Wiegand $ Manning 2204 (GH, POM). S. Carolina: Williamsburg Co., Kingstree, 
Wiegand 4r Manning 2205 (GH, POM) ; Salters, Godfrey & Tryon 528 (GH, NY, POM); 
Charleston Co., McClennanville, Godfrey 4' Tryon 1132 (GH, NY, POM). Georgia: Ware 
Co., Suwanee Lake, Harper 272 (GH, NY). Florida: Wakulla Co., St. Marks, Rug el in 
1843 (NY) ; Duval Co., Jacksonville, Curtiss 919 (GH, NY). 

10. Ludwigia maritima Harper, Torreva 4 : 163. 1904. 

Like the preceding, but more definitely and evidently pubescent through¬ 
out, with hairs up to 0.5 mm. long; upper bract-like leaves 1-2.5 cm. long; 
bracteoles 2-3.5 mm. long; sepals 5-9 mm. long; petals 9-12 mm. long; style 
3-5 mm. long; stigma 1-1.5 mm. thick; capsule 6-8 mm. long. 

Type locality: Cumberland Island, Camden Co., Ga. In pine lands from coastal N. 
Carolina to southern Florida and eastern Louisiana. Representative collections: N. Caro¬ 
lina: Craven Co., L. F. 4‘ Randolph 549 (GH). S. Carolina: Georgetown Co., 

Georgetown, Godfrey 4r Tryon 786 (GH, NY, POM). Georgia: Camden Co., Cumberland 
I., type coll. Harper 1542 (FM, GH, NY). Florida: Duval Co., Jacksonville, Curtiss 4912 
(GH, NY). Brevard Co., Okeechobee region, Fredholm 5996 (GH, NY). Lake Co., Eustis, 
Nash 750 (GH, NY). Manatee Co., Bradenfown, Tracy 7087 (GH, NY). Dade Co., Cutler, 
8mall f Mosier 4" Small 6702 (GH, NY). Alabama: Mobile Co., near Mobile, Munc 13353 
in part (POM) ; Baker 850 (NY). Mississippi: Harrison Co., Biloxi, Baker in 1897 (NY, 
POM); Jackson Co., Ocean Springs, Pollard 1112 (GH, NY, POM). Louisiana: St. 
Tammany Parish, Slidell, Mum 13347 in part (NY, POM), 13346 (POM). 

11. Ludwigia alternifolia L. Sp. PI. 118. 1753. 

Plant 4—12 dm. tall; leaves rather crowded, with petioles 3-10 mm. long 
and principal leaf-blades 4-8 (12) cm. long; pedicels 2-5 mm. long; bracte¬ 
oles 1-2.5 mm. long; sepals 7-10 mm. long; petals 8-10 mm. long; capsule 
cubic with rounded base, slightly wing-angled, mostly 5-6 mm. long. 

11 a. L. alternifolia L. var. typica Munz, var. now 

L. alternifolia L. Sp. PI. 118. 1753. lunardia alternifolia DC. Prodr. 3: 60. 1828. L. 
ramosissima Walt. FI. Car. 89. 1788? L. angustifolia p ramosissima Poir. in Lam. Encycl. 
Suppl. 3: 513. 1813. L. macrocarpa Michx. FI. Bor. Am. 1: 89. 1803. L. aurantiaca Raf. 
Med. Rep. N. Y. 5: 358. 1808? Isnardia aurantiaca DC. Prodr. 3: 61. 1828? Ludwigia 
uniflora Raf. Med. Rep. N. Y. 5: 358. 1808? Isnardia alternifolia y uniflora DC. Prodr. 3: 
60. 1804? L . salicifolia Pofr. in Lam. Encycl, Suppl. 5: 512. 1813. Isnardia alternifolia p 
salicifoliQ DC. Prodr. 3: 60. 1804. L. microcarpa Link, Enum. Hort. Berol. 141. 1821. 
Rhexia linearifolia Poir. in Lam. Encycl. 6: 2. 1804? Ludwigia alternifolia var. linearifolia 
Britton, Bull. Torrey Club 17: 315. 1890. 
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Plant subglabrous or more or less strigulose on stems, pedicels and leaves. 

Type locality: ‘‘Habitat in Virginia.’’ Very common and ranging from 
Massachusetts to northern Florida, Ontario, Iowa, and Louisiana. Intergrad¬ 
ing with the following variety; some specimens, especially from the southern 
and western parts of the range becoming more pubescent, although the hairs 
may be quite appressed. 

lib. L. alternifolia L. var. pubescens Palmer & Steyermark, Ann. Mo. 
Bot. Gard. 25 : 772.1938. 

Stems, leaves, pedicels, and capsules densely pubescent with erect hairs. 

Type locality: 4 miles west of Charleston, Mississippi Co., Mo., the type being Palmer 
S' Steyermark 41450. Other collectiona seen: Indiana: Beam 41718. Illinois: Waite 1177 . 
Kansas: Norton 155, Rydberg Sr Imler 404. Arkansas: Demaree 17767, 19907, 20064, 
20149, 15612, 19792, etc, Louisiana: Hale, Drummond, Palmer 8012, Ball 617 . Texas: 
Wright, Lindheimer 69, Cory 25800. 

12. Ludwioia pilosa Walt. FI. Car. 89. 1788. 

Isnardia pilosa Kuntze*, Rev. Gen. 1: 251. 1891. Ludwigia rudis Walt. FI. Car. 89. 
1788. L. hirsuta Desr. in Lam. Enevcl. 3: 614. 1789. /. hirmita R. & S. Syst. 3: 477. 1818, 
as to name and in part as to concept; DC. Prodr. 3: 6U. 1828. L. mollis Michx. FI. Bor. 
Am. 1: 90. 1803. 1. mollis Poir. in Lam. Encycl. Suppl. 3: 188. 1813. L. capitata var. pubens 
Torr. & Gray, FI. N. Am. 1: 525. 1840. 

Stoloniferous at base, the main stems soon erect, 5-12 dm. high, pilose; 
leaves of stolons orbicular- to oblong-ovate, with blades 8-16 mm. long, peti¬ 
oles 5-8 mm. long; cauline leaves oblong-lanceolate to elliptic to linear-lance¬ 
olate, petioles 1-5 mm. long, blades 2-10 cm. long, reduced up the stem; 
flowers usually crowded toward ends of branches; bracteoles 3-4 mm. long; 
sepals 4-5 mm. long; petals apparently lacking; capsules sessile, cubic-glo¬ 
bose, somewhat 4-sided but not sharply angled, 3-4 mm. long. 

Type locality: Carolina. Range along coast from southern Virginia to 
Florida and eastern Texas. 

13. Ludwigia stjffruticosa Walt. FI. Car. 90. 1788. 

Jsnardia suffruticosa Kuntze, Rev. Gen. 1: 251, 1891. Ludwigia capitata Michx. FI. 
Bor. Am. 1: 90. 1803. Isnardia capitata DC. Prodr. 3: 60. 1828. 

Stolons pubescent, with almost sessile leaves; main stems glabrous, the 
main leaves sessile, linear-lanceolate to lanceolate, 3-8 (10) cm. long; flowers 
in subcapitate spikes; pedicels less than 1 mm. long; bracteoles 3 mm. long; 
sepals 2.5-3 mm. long; petals not seen; capsule broadly obpyramidal, some¬ 
what quadrangular but rounded at angles, 3.5-4 mm. long, slightly thicker. 

Type locality: Carolina. Ranging along coast from N. Car. to south cen¬ 
tral Fla. 

14. Ludwigia lanceolata Elliott, Sketch Bot. S. Car. & Ga. 1: 213.1821. 

Isnardia lanceolata DC. Prodr. 3; 61. 1825. 

Leaves of stolons elliptic- to rhombie-obovate or narrower, 1.5-3 cm. long, 
short-petioled; principal cauline leaves oblaneeolate to linear-lanceolate, 2-8 
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(10) cm. long, 2-8 (11) mm. wide, sessile or on petioles a few mm. long; 
flowers almost sessile, in spikes several cm. long; bracteoles 2-3 mm. long; 
sepals deltoid-ovate, abruptly acute, 3 mm. long; petals none; capsules ob- 
pyramidal, almost winged at the sharp angles, 4-4.5 mm. long, about as 
thick; seeds cylindric, about 0.7 mm. long, one-third to one-fourth as thick. 

Type locality: i( swamps of Georgia”; much confused with the next species. Repre¬ 
sentative collections : Georgia: swamps, Baldwin, type at Elliott Herbarium (photo 
POM); Harper 1605 and 1483 . Florida : Bdtmore Distribution 4177, Nash 2502, Rugel 
245 , Curtiss 927 , Fredholm 5987, Small $ Carter 2627 . 

15. Ludwigia alata Elliott, Sketch Bot. S. Car. & Ga. 1: 212. 1821. 

Isnardia alata DC. Prodr 3: 61. 1828. Ludwigia simulata Small, FI. S. E. U. S. 816, 
1335. 1903. 

Like the preceding, but leaves of stolons perhaps more round; sepals 
deltoid, about 3 mm. long, connate at very base, abruptly subacuminate, 
somewhat denticulate; capsule 3-4 mm. long; seeds ovoid, about 0.6 mm. 
long and half as thick. 

Type locality: Sullivan's Island, Charleston Co., S. C. Ranging along coast from 
southeastern Virginia to Florida and Mississippi. Representative collections: Virginia*. 
Fernald, Long and Fogg 4960, and 18981 and 13982. N. Carolina: Lewis 196, Godfrey 
4r Tryon 718 . Georgia: Harper 1554. Florida: Rugel in 1843, Curtiss 929, Wiegand 4r 
Manning 2172, Hitchcock 113 , Small # Carter 1243 and 2624. Mississippi: Lloyd # Tracy 
280 and 6415. 

16. Ludwigia polycarpa Short & Peter, Transvlv. Jour. Med. 8: 581. 
1835; ex Torrey & Gray, PI. N. Am. 1: 525. 1840. 

Isnardia polycarpa Kuntze, Rev. Gen. 1; 251. 1891. 

Leaves on stolons crowded, oblanceolate, 1-2.5 cm* long, those on main 
stems narrowly lanceolate to oblanceolate, 3-12 cm. long, with winged peti¬ 
oles 2-8 mm. long; flowers sessile; bractlets 2-5 mm. long; sepals 2.5-3.5 mm. 
long; capsule subglabrous, turbinate, scarcely 4-sided, 3.5-5 mm. long, 3-3.5 
mm. thick; seeds yellowish, somewhat punctate under a lens. 

Type locality: Kentucky. Moist places, Massachusetts and Connecticut. 
Ontario to Tennessee and Kansas. Not easily confused with other species. 

17. Ludwigia sphaerocarpa Elliott, Sketch Bot. S. Car. & Ga. 1: 213. 
1821. 

Isnardia sphaerocarpa DC. Prodr. 3: 61. 1828. 

Leaves of stolons elliptic-lanceolate to spatulate-obovate, 1-2 cm. long, 
principal cauline leaves lanceolate to lance-oblong, 2-10 (12) cm. long, 3-8 
(10) mm. wide, sessile or wth petioles to 7 mm. long; flowers sessile; bracte¬ 
oles not more than 1 mm. long; sepals 2.5-3 mm. long; capsule subglobose, 
2.S-4.5 mm. long, pubescent to glabrous. 
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Key to varieties of L. sphaerocarpa 

A. Fruit crowded on branches, 3.5-4.5 mm. long, not so wide. Massachusetts 

to New Jersey. 17c. var. macrocarpa. 

AA. Fruit not crowded on branches, 2.5-3.2 mm. long, usually wider. 

B. Main stems and leaves usually glabrous; main leaves linear-lanceolate 

and more than 7 cm. long. R. I. to Fla. 17a. var. typica. 

BB. Main stems and leaves pubescent to strigose, lanceolate, usually less 

than 7 cm. long. N. J. to Va., Mich., Ind. 17b. var. jungens . 

17a. L. sphaerocarpa Elliott var. typica Pernald & Griseom, Rhodora 
37:174.1935. 

Since this and the following varieties were amply discussed in 1935 and 
many specimens were cited, I shall not repeat the material here. 

17b. L. sphaerocarpa L. var. jungens Fernald & Griseom, Rhodora 37: 
174. 1935. 

L. sphaerocarpa var. Deamii Fernald & Griseom, Rhodora 37: 174. 1935. 


In my opinion the var. Deamii was based on inadequate material; other 
collections than the type and from the same region do not bear out its charac¬ 
ters. Var. typica and var. jungens intergrade freely. 

17c. L. sphaerocarpa Ij. var. macrocarpa Pernald & Griseom, Rhodora 
37 : 174. 1935. 

New Jersey material is sometimes difficult to distinguish from var. typica. 

18. Ludwigia microcarpa Miehx. FI. Bor. Am. 1 : 88 . 1803. 

Isnardia microcarpa Poir. in Lam. Encycl. Suppl. 3: 188. 1813. Ludwigia glandvlosa 
Pursh, FI. Am. Sept. 1: 111. 1814, not Walter, 1788. 

Creeping at base, the erect stems slender, 1-6 dm. high; leaves of main 
stems obovate-spatulate to spatulate, 7-25 mm. long, 4-10 mm. wide, with 
petioles 1-4 mm. long; flowers sessile, solitary; bracteoles 0.5-1.5 mm. long; 
sepals orbicular-ovate, 1-2 mm. long; petals none; capsule obpyramidal with 
rounded corners, 1-1.5 mm. long, 1.5-2 mm. thick at summit. 

Type locality: South Carolina. Near the coast from N. Carolina to southern Florida 
and Louisiana; reported also from Tennessee, Missouri, Bahamas, and Cuba. Often dif¬ 
ficult to distinguish from some of the following species; representative material is cited: 
North Carolina: Carteret Co,, Beaufort, Lewis 197 (NY). So. Carolina: Horry Co,, 
Myrtle Beach, Godfrey 4' Tryon 1163 (GH, NY, POM); Georgetown Co., near George¬ 
town, Godfrey 4' Tryon 1043 (GH, NY, POM). Georgia; Sumter Co., Harper 471 (GH, 
NY). Florida: Duval Co., Jacksonville, Curtiss 930 (NY), Wiegand 4r Manning 2188 
(GH, POM); Palm Beach Co., Jupiter, Curtiss 5545 (NY); Dade Co., Florida City, 
0*Ncill 7598 (NY, POM); near Cutler, Small 4r Carter in 1903 (NY). Missouri: Oregon 
Co., Greer, Steyermark 279S7 (GH, POM). Bahamas: Great Bahama, Brace 3519 (NY). 
Cuba: La Magdalena, Cayainas, Baker 4648 (POM) ; La Puntada la Jaula, Wright 2554 
(GH). 

19. Ludwigia Simpsoni Chapman, FI. S. U.S., ed. 2, 2d Suppl. 685. 1892. 

L . cubensis He]wig, Fedde Rep. 25: 53. 1928? Type not seen. 
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Main leaves spatulate-obovate, 5-15 mm. long, 3-7 mm. wide; petioles 
1-3 mm. long; bracteoles 1-2 mm. long; sepals 1.5-2 mm. long; capsule 2-2.5 
mm. long, almost as wide, obscurely angular. 

Type locality: Manatee, Manatee Co., Fla. Ranging from Wakulla Co., Fla. to Dade Co. 
and in Cuba and Jamaica. Representative material: Florida: Wakulla Co., St. Marks, 
Rugel in 1843 (NY); Alachua Co., near Waldo, Wiegand 4' Manning 2188 (GH, POM); 
Orange Co., Sanford, Nash 2278 (GH, NY); Manatee Co., Manatee, Simpson, type coll. 
(GH, photo POM), Tracy 7602 (GH, NY); Lee Co., Ft. Myers, Hitchcock 117 (GH, NY); 
Palm Beach Co., Jupiter, Curtiss 5545 (GH, NY r , POM); Monroe Co., Pine Key, Blodgett 
(GH, NY) ; Dade Co., Camp Jackson, Small 4' Wilson 1808 (NY). Cuba: Isle of Pines, 
San Juan, Britton , Britton 4r Wilson 15527 (GH, NY). Jamaica: Black River, Harris 
9985 (NY). 

20. Ludwigia spathulifolia Small, Man. Southeast. FI. 943, 1506. 1933. 
Published without Latin diagnosis, but valid according to Rules, because of 
date. 

Main leaves spatulate, denticulate toward apex, 1-1.5 cm. long, 3-6 mm. 
wide, with poorly defined wdnged petioles 2-9 mm. long; bracteoles 2-2.5 
mm. long; sepals 2 mm. long; capsule 3-4.5 mm. long, almost as w r ide ac apex, 
somewhat rounded at angles. 

Type locality: Everglades, northwest of Perrine, Dade Co., Fla. Material seen: 
Florida: Lee Co., Ft. Myers, J. Standley 76 in part (GH, NY) ; Dade Co., Royal Palm 
Hammock, Small , Mosicr 4' Small 6644 (GH, NY) ; near Perrine, Small 4' Carter 2990, 
type no. (NY) ; Humbugus Prairie, Small 4' Mosier 5619 (NY) ; Camp Jackson, Small 4' 
Wilson 1848 (NY). 

21. Ludwigia Curtissii Chapman, FI. S. U. S., Suppl. 621. 1883. 

Main leaves oblaneeolate-spatulate, denticulate at apex, 1-1.5 cm. long, 
1-4 mm. wdde, with winged petioles 1-5 mm. long; bracteoles about 2 mm. 
long; sepals deltoid-lanceolate, 2-2.5 mm. long; capsule 2.5-3.5 mm. Jong, 
ab'dut as wdde. 

Type locality given as 1 ‘ East Florida (Curtiss) ,” the Curtiss distribution no. 922 
on which the labels say “ Ludwigia Curtissii, Chapm. n.sp. M coming from “ Ponds near 
Cape Malabar, Florida,” which I take to be the type locality. Material seen all from pine- 
lands of southern Florida: Manatee Co., Bradentown, Cuthbert 1364 (NY); Indian River 
Co., Felsmere, Small 8884 (NY); Cape*Malabar, Curtiss 922, type no. (GH, NY, photo 
POM); Lee Co., Myers, Hitchcock 115 (GH, NY): Chapin, Hitchcock 116 (GH, NY); 
Monroe Co., Pine Crest, Moldenlce 856a (NY); Dade Co., near Miami, Small 4023 (NY). 

22. Ludwigia linifolia Poir. in Lain. Encvd. Suppl. 5: 513. 1813. 

Isnardia linifolia Kuntze, Rev. Gen. 1: 251. 1891. 

Xeaves of stolons elliptic-obovate to oblanceolate 5-13 (15) mm. long; 
main cauline leaves linear, acute, sessile, 1-3.5 cm. long, 1-2.5 mm. wide; 
flowers rather crowded, sessile; bracteoles 1.5-3 mm. long; sepals lance- 
linear, 4-6 mm. long; petals narrow-obovate, 4-6 mm. long; capsule sub- 
cylindric, 8^-9 mm. long, 1.5 mm. thick, with somewhat corky wall. 

Type locality: “croit dans FAm£rique septentrionale.” Found in pine-barrens from 
North Carolina to Florida and Mississippi. Represented by: N. Carolina*. Godfrey 6195. 
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Georgia: Harper 646 and 1109. Florida: Wiegand $ Manning 2186, Curtiss 922, 4822, 
Nash 1240, Fredholm 5878, 5787, Hitchcock 119, Alabama: Harper 3805. Mississippi: 
Lloyd 4r Tracy 225. 

23. Ludwigia stricta Wright ex Sauvalle, FI. Cubana 54. 1873. 

Isnardia stricta Wright ex Griseb. Cat. PI. Cub. 107. 1866. 

Leaves of stolons elliptic-spatulate, 5-8 mm. long, the principal eanline 
ones oblance-spatnlate, 1-2 cm. long, 2-5 mm. wide; bracteoles scarcely 1 
mm. long; sepals deltoid-ovate to -lanceolate, about 2 mm. long; petals 3-5 
mm. long; capsule subterete, 5-7 mm. long, 1-2 mm. thick. 

Type locality not stated; the Wright specimen at Gra} r Herb, says Lagunas Vueltalago, 
so far as T can read it. Material seen of the species: Cuba: Wright 2555, type no. (GH) ; 
Pifiar del Rio, near Ilerradura, Britton , Britton , Earle $ Gager 6612 (NY); near Pillar 
del Rio, Britton, Britton and Gager 7232 (NY). 

24. Ludwigia linearis Walter, PI. Car. 89. 1788. 

Leaves of stolons obovate to elliptic, about 1 cm. long; main cauline 
leaves linear to linear-elliptic, 2.5-6 cm. long, 1.5-5 mm. wide, sessile; flowers 
sessile in uppermost axils, from few to about a dozen per branch; bracteoles 
1-3 mm. long; sepals lance-deltoid, glabrous to puberulent, 2.5-4 mm. long; 
petals 3.5-5 mm. long; capsule elongate obpvramidal, 6-8 mm. long, about 
3 mm. thick. 

24a. L. linearis Walt. var. typica Miuiz, var. nov. 

L. linearis Walt. FI. Car. 89. 1788. Isnardia linearis DC. Prodr. 3: 60. 1828. Ludwigia 
augustifolia Michx. FJ. Bor. Am. 1: 88. 1803. 

Stems and leaves glabrous or somewhat strigulose on veins, etc.; hv- 
panthium and sepals minutely granular-strigulose. 

Type locality: Carolina. Found in moist places, mostly in pine-barrens 
from New Jersey to Florida, Tennessee, and eastern Texas. Western material 
gradually becomes more strigulose and passes into 

24b. L. linearis var. puberula Engelm. & Gray, PI. Lindh. 9 (Boston 
Journ. Nat. Hist. 5). 1845. 

Whole plant rather densely and closely puberulent. 

Type locality: Houston, Texas. Ranging from Mississippi and so. Arkansas to east¬ 
ern Texas. Represented by: Mississippi: Smith Co., Tavlorville, Tracy 8715 (GH, NY). 
Arkansas: Ashley Co., Mist, Demaree 18040 (NY, POM). Texas: Newton Co., near 
Deweyville, Cory 10904 (Oil) ; Hardin Co., Silsbee, Cory 19965 (GH) ; Waller Co., 
Hempstead, E. Hail 221 in part (NY, POM) ; Harris Co., Houston, Lindheimer 5S, type 
no. (GH) ; Brazoria Co., Columbia, Bush 1542 (GH, NY). 


25. Ludwigia glandulosa Walt. FI. Car. 88. 1788. 

Leaves of stolons elliptic-ovate to -obovate, the blades 1-2 cm. long, peti¬ 
oles 5-10 mm. long; main cauline leaves mostly lanceolate, the blades 3-10 
cm. long, 6-20 mm. wide, on petioles 3-10 mm. long; bracteoles scarcely 1 
mm. long; sepals deltoid to almost lanceolate, 1-2 mm. long; petals none; 
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capsules sessile, subeylindric, sometimes 4-grooved, 2-8 mm. long, 1.5-2 mm. 
thiek. 

25a. L. glandulosa Walt. var. typica Munz, var. nov. 

X. glandulosa Walt. FI. Car. 88. 1788. X. cylindrica Elliott, Sketch Bot. S. Car. & Ga. 
1: 213. 1817. l&nardia cylindrica DC. Prodr. 3: 60. 1828. Jussiaea brachycarpa Lam. 
Encycl. 3: 331. 1789. Ludwigia heterophylla Poir. in Lam. Encycl. Suppl. 3: 512. 1813. 

Hypanthium and sepals mostly quite glabrous; sepals 1.5-2 mm. long; 
capsule 6-8 mm. long. 

Type locality: Carolina. Ranging from Virginia to northern Florida and 
the Gulf states, and from southern Illinois and Indiana to eastern Texas. 

25b. L. glandulosa Walt. var. Torreyi Munz, nom. nov. 

X. cylindrida Ell. p brachycarpa Torrey & Gray, FI. N. Am. 1: 524. 1840; not Jus - 
siaea brachycarpa Lam. Encycl. 3: 331. 1789. 

Hypanthium and sepals minutely strigulose; sepals 1-1.5 mm. long; cap¬ 
sules 2-4 mm. long. 

So far as I can determine, Torrey & Gray had in mind Lamarck’s name 
brachycarpa for their variety, but I have seen a photograph of his type and 
it is long-fruited. They cited a Chapman collection from Florida and one by 
E. Hall, n6. 219, from Hempstead, Texas. Since this has a definite locality, 
I propose it be taken as the type collection. 

This variety is represented by: Florida: without definite locality, Chopman (NY). 
Louisiana: Cameron, Tracy 8496 (GH, NY). Texas: Dallas, Reverchon (GH, NY); 
Robertson Co., College Station, Reverchon 2000 (NY); Brazos Co., Wellborn, Reeves 988 
(POM) ; Brazoria Co., Bush 1899 (NY). 

UNCERTAIN AND EXCLUDED SPECIES OF LUDWIGIA 

X. angustifolia (Lam.) Gomez, An. Hist. Nat. Madrid 23: 66. 1894 is Jussiaea suffruiicosa 
var. ligustrifolia (HBK.) Griscb. 

X. Bertonii L6vl. in Bertoni, Descr. Fis. Econ. Parag. 3: 1910 may be a Jussiaea, 

L . brachycarpa DC. Prodr. 3: 55. 1828, in obs., is probably Jussiaea brachycarpa Lam., 
hence L. glandulosa Walt. var. typica. 

L. Clavellina var. grandiflora Gomez, 1. c.'is Jussiaea uruguayensis Camb. 

L. Clavellina var. peploides Gomez, 1. c. is Jussiaea repens var. peploides (HBK.) Griseb. 
L. decurrens Walt. FI. Car. 89. 1788 is Jussiaea decurrens (Walt.) DC. 

L. diffusa Greene var. californica Greene, FL FTancisc. 227. 1891 is Jussiaea repens var. 
peploides (HBK.) Griseb. 

X. foliosa Gomez, 1. c. is J. leptocarpa var. angustissima Helwig. 

X . hastata Spreng. Syst. 1: 446. 1825 ( Isnardia hastata R. & P. FI. Peruv. 1: 66, pi. S3, 
f. 6. 1798) is Ammania latifolia L. acc. Kew Index. 

L. hirta Gomez, 1. c. is Jussiaea peruviana L. 

L. hondurensis Standi. Field Mus. Pub. Bot. 8: 146. 1930 is Jussiaea nervosa Poir. 

L. inclinata Gomez, 1. c. is Jussiaea inclinata L. f. 

X. juncea Raf. Autik. Bot. 38. 1815-1840; questionably referred to X. virgata Michx. in 
Kew Index. The small flowers suggest^X. altemifolia L., but the description is inade¬ 
quate. 

X. jussiaeoides Michx. FI. Bor. Am. 1: 89. 1820 is Jussiaea decurrens DC. 

X. lutea Bose ex DC. Prodr. 3: 60. 1828, pro synon. under X. virgata. 
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L. oocarpa Gomez, 1. c. is Oocarpon torulosum (Arrtott) Urban. 

L. palustria L. var. Liebmanni Ldvl. Bull. G6ogr. Bot. 22: 24. 1912; referred to synonymy 
under L. palustria var. americana by Fernald & Griscom, Rhodora 37: 176. 1935. The 
description sounds like their var. nana, over which name it would have priority, but it 
may even belong under L. natans. 

L. pedtincularis Gomez, 1. c. is Jusaiaea peduncularis Wright. 

L. pruinosa Raf. Autik. Bot. 38. 1815-1840. “From Alleghany Mts. and Kentucky,” a 
fact limiting the possibilities. Cannot be L. alternifolia L., to which referred by Index 
Kewensis, because of long petals and sessile leaves. I cannot place it definitely. 

Isnardia ramoaior L. ex Jackson, Index Linn. Herb. 91. 1912; nomen? 

L. ramosissima Roth, Catalect. fase. 3: 24. 1806; from description is in sect. Dantia , near 
L. palustria or L. natana. 

L. ramuloaa Gomez, 1. c. is Jussiaea repena var. peploides (HBK.) Griseb. 

L. rudia Walt. FI. Car. 89. 1788; according to Torrey & Gray, FI. N. Am. 1: 526. 1840 
there are no specimens in the Walter Herb.; I do not place it. 

L. Sagraeana Gomez, 1. c. is Jussiaea suffruticosa var. ligustrifolia (HBK.) Griseb. 
acabriuscnla Kell. Proc. Calif. Acad. 7: 78. 1876; is Ammania latifolia L. according to 
Kew Index. 

Isnardia subhastata R. & P. FI. Peruv. 1; 66. 1798; is Ammania latifolia according to 
Kew Index. 

L. Su'artziana Baill. ex Laness. PI. Util. Colon. Franc. 457. 1866 from Martinique; un¬ 
known to me. 

L. tepicana M. E. Jones, Contr. W. Bot. 15: 131. 1929; is Ueimia salicifolia; cf. Standlev, 
Field Mus. Pub. Bot. 8: 28. 1930. 

L. tubrrosa Raf. Ann. Nat. 15. 1820; L. virgata ? according to Kew Index, but from 
wrong region. I cannot place it. 

Pomona College 

Claremont, California 



BULLETIN OF THE TORREY BOTANICAL CLUB 


VOL. 71, No. 2, pp. 166-174 


March, 1944 


DROSERA IN EASTERN NORTH AMERICA 

Frances E. Wynne 

Confusion in the current manuals among Drosera longifolia , Drosera 
anglica, and Drosera intermedia has led to the present investigation of the 
eastern species of sundew. The puzzle was found to result from a nomencla- 
tural tangle between two clear-cut species. 

Linnaeus described Drosera longifolia in 1753 in his Species Phtntarum. 
Hudson described Drosera anglica in 1778 in the Flora Anglica , and in 1800 
Hayne proposed Drosera intermedia in Schrader’s Journal fitr die Botanik. 

Herbarium specimens labelled D. longifolia , D. anglica , and D. inter¬ 
media were examined. They fall into two groups on the basis of their stipules 
and seeds. Group 1 is characterized by adnate stipules, and black, fusiform, 
striate-areolate seeds. Group 2 has free stipules and brown, oblong, papillose 
seeds. The leaves in group 1 tend to be elongate-spatulate, whereas those in 
group 2 tend to be obovate. However, some plants in each could, on the basis 
of their leaves, be placed in the other group, so that leaf characters alone 
cannot be used as a basis for specific distinctions. 

The distribution of groups 1 and 2 was mapped and the ranges were 
found to be characteristic and distinct. Group 1 occurs in the Rocky Moun¬ 
tains, around the Great Lakes, and in Eastern Quebec and Newfoundland 
(fig. 2). Group 2 occurs along the coast of eastern North America from 
Newfoundland to Louisiana and around the Great Lakes (fig. 3). The ranges 
overlap in only two areas—the Great Lakes region and in eastern Canada. 

The next problem w 7 as determining the correct names applicable to the 
two species. I am proposing, for the reasons discussed in the follow ing pages, 
the adoption of D. anglica Huds. for the plants in group 1 and of D. inter¬ 
media Hayne for those in group 2. Linnaeus’ D. longifolia is the oldest name 
and it should be used if we could determine whether it was originally 
applied to the plant here called D. anglica, or to D. intermedia , or to both. 
Neither the original description nor pre-Linnaean references mention the 
only satisfactory characters by which they may be separated—the stipules 
and the seeds. Leaf shape, which is described, cannot be used to determine 
what plant Linnaeus had. Furthermore, no report of an examination of 
Linnaeus’ type is known to the author. 

If we trace the interpretation of the species of Drosera through the 
literature, we find continuous nomenclatural confusion. In Hudson’s treat¬ 
ment of Dtosera in 1778 (FI. Airgl., 135) he proposed D. anglica as a new 
species and recognized also D. rotundifolia and Z>. longifolia. The distin¬ 
guishing characters he gives are . . floribus . . . hexagynis” and “. . . 
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capsulis trivalvis” for D. longifolia, and “. . . floribus octogynis” and 
. . capsulis quadrivalvis” for D. anglica. By 1800, however, it had been 
observed by Hayne that this division of the capsule into 3 or 4 (and some¬ 
times 5) parts is not constant within a species but occurs occasionally in all 
the species. Early botanists, nevertheless, often gave capsule characters as 
the only differences between these closely related species. 
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and his new species D . intermedia . In the list of distinguishing features for 
D. intermedia is found: “4) Capsula tri—s. quadrivalvi, nec quadri—s. 
quinquevalvi. 5) Seminibus obovatis, verrucosis, arillo destitutes. ” D . longi- 
folia is described in part as follows: “Capsula . . . quadri—s. quinquevalvis 
. . . Semina . . . arillo scobiformi, membranaceo, reticulatim venoso tecta.” 
Schrader has added the following in a footnote: “Nach einem Exemplare der 
D. anglica zu schliesen, welches Herr Dr. Nohden von England mitgebracht 
hat, ist Herrn Hayne’s D. intermedia die eigentliche D. longifolia Linn., 
seine D . longifolia aber hingegen, die Hudson’sche D. anglica .” It is true 
that Hayne ? s longifolia is Hudson’s anglica. Whether Hayne’s intermedia is 
Linnaeus’ longifolia is problematical. 

Dreves & Hayne (Choix de plantes d’ Europe 1: 42, 43. 1802) follow 
Hayne and use the names D. intermedia and D. longifolia with no mention 
of Hudson’s D. anglica among the species or synonyms. D. longifolia is illus¬ 
trated (pi. 75) with attenuate, fusiform, striate-areolate seeds whereas the 
seeds of D. intermedia are shown as blunt, obovate, and papillose. 

Seeds of Drosera had been illustrated only once prior to 1802. Schkuhr 
in the Botanisches Handbuch (1791) illustrates and describes D. rot undi¬ 
folia and D. longifolia. D. longifolia is shown with blunt, obovate, papillose 
seeds—seeds identical with those which Dreves & Hayne illustrate for D. 
intermedia. Schkuhr, however, since he does not split D. longifolia L., obvi¬ 
ously had D. intermedia Hayne, and his treatment further confuses the 
interpretation of D. longifolia and D. intermedia. 

De Candolle (Prodr. 1: 318. 1824) was the first to discard the name J). 
longifolia entirely and use D. intermedia (“seminibus exarillatis”) and 
D. anglica (“seminibus arillatis”). Other authors use the name D. longifolia 
indiscriminately for first one species and then the other with either D. 
anglica or Z>. intermedia as a companion. A brief summary of the most im¬ 
portant publications will show how the names were shuffled. Schultes in his 
revision of Linnaeus’ Systema vegetabilium (6: 761. 1820) includes in his 
description of Z>. longifolia “Caps. 3-4—valvis. Semina obovata, glandulis 
elevatis obsessa, arillis destituta.” Of D. anglica he says in part: “Caps. 4-5 
valvis. Semina arillo-reticulato.” Hooker (Brit. Flora, 148, 149. 1830) 
describes D . longifolia “. . . seeds with a compact rough coat not chaffy” 
and D . anglica . seeds with a loose chaffy coat.” The contrasting char¬ 

acters are given as follows: “Here [D. anglica] the seed . . . has a very 
loose, reticulated, even coat. In D. longifolia the coat firmly adheres to the 
rest of the seed, and is rough or papillose.” Koch (Synopsis, 90. 1837) treats 
D. anglica as a synonym of D. longifolia L. and includes also D . intci'media. 
Torrey and Gray (FI. N. Am. 1: 146. 1838) use D. longifolia for the plant 
with “ seeds oblong, slightly punctate, the testa not arilliform” and D . 
anglica for the plant which has “seeds with an arilliform testa.” In Flora 
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Bossica (1: 261. 1842) Ledebour includes Z). longifolia and D. intermedia 
with D. anglica placed as a synonym of D. longifolia. He does not mention 
the seeds in his diagnostic characters. Grenier & Godron in Flore de France 
(192. 1847) say of D. longifolia: “Graines oblongues-ovo’ides, un pen ru - 
gueuses; episperme lache, prolonge aux deux extremites” and of D . inter¬ 
media: “Graines ovales-oblongues, fortement tuberculeuse, a episperme ou 
teste exactement applique 

Planchon, however (Ann. Sci. Nat. III. 9 : 198-200. 1848), follows de 
Candolle, discarding D. longifolia L. entirely and using D. intermedia and 
I). anglica. Watson (Index, part 1, 353, 354. 1878), Macoun (Canadian 
Plants 1: 165, 166 1883), and Parlatore (FI. Ital. 9 : 212-216. 1890) do like¬ 
wise. 

It is apparent, then, that the literature in the century and a half follow¬ 
ing Linnaeus can be of little help in indicating which plant Linnaeus de¬ 
scribed as D. longifolia. It is likewise apparent that since 1800 two distinct 
species have been recognized. The epithet longifolia has been used for both 
these species. For the sake of argument let us call the plant with striate- 
areolate seeds D. anglica and the one with papillose seeds D. intermedia. 
Then wherever D. longifolia and D. anglica are recognized let us substitute 
D. intermedia for D. longifolia; where D. longifolia and D. intermedia are 
recognized let us substitute for D. longifolia, D. anglica. We then find the 
liomenclatural confusion eliminated and the concept of D. anglica and D. 
intermedia consistent and clear. 

Current manuals remain confused in their nomenclature. D. anglica with 
adnate stipules and “loosely faveolate” [sic.] seeds and D. longifolia with 
stipules nearly free and papillose seeds are included in Gray’s Manual (ed. 
7, 440. 1908). Britton and Brown (Ill. FI. 2: 203, 204. 1936) and Rydberg 
(FI. Prairies and Plains, 386. 1932) use the name D. intermedia for the plant 
with papillose seeds and the name D. longifolia for the plant with striate- 
areolate seeds. Only one of these tw*o species occurs in southern United States 
and D. intermedia has been consistently used in the manuals covering this 
area. The other species occurs in the west and it has been called D. longifolia 
in manuals for that area. 

The preceding synopsis does not cite every publication in w r hich Z). inter¬ 
media , D. longifolia , and D. anglica have been used. It is sufficient, however, 
to indicate the continuous confusion that has existed ever since the three 
names appeared in the literature. Since it is impossible to determine to w T hich 
species the name D . longifolia should be applied, it is the author’s opinion 
that the name should be abandoned as a source of confusion until the type 
can be examined. An examination of the type is impossible.tet the present 
time. Article 62 of the International Rules of Botanical Nomenclature (ed. 3. 
1935) states: “A name of a taxonomic group must be rejected if, owing to 
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its use with different meanings, it becomes a permanent source of confusion 
or error.’’ Therefore, D. longifolia should be rejected and D. anglica and 
D. intermedia should be adopted. If, at a subsequent date, an examination 
of the Linnaean type of 2>. longifolia is possible, it would be necessary to 
substitute the name D. longifolia for one of the other two names. Until such 
time, however, the author proposes the following treatment which adopts 
both D. anglica and D. intermedia and rejects D. longifolia as a nomen 
ambiguum. This was done by several authors mentioned above and by Diels 
in Engler’s Das Pflanzenreieh. The author knows of only one recent treat¬ 
ment of North American plants which has adopted this procedure (Trans. 
Wis. Ac. 27 : 235. 1932). 

The other eastern species of Dronera , with the possible exception of D. 
filiformis var. Tracyi , present no problems. In 1914 Maefarlane proposed 
D. Tracyi as a new species. Previously, however, in 1906, Diels in Das 
Pflanzenreieh published D. filiformis var. Tracyi “(Maefarlane msc. sub. 
titulo speciei).” Because the plant which grows along the coast from South 
Carolina to Mississippi differs from the one which grows on the coast from 
Massachusetts to Delaware only in its size and the color of pubescence, the 
author is following Diels and maintaining the southern variant as D. fili¬ 
formis var. Tracyi. In all other characters of leaves, stipules, flowers, and 
seeds it is identical with the more northern D. filiformis. 

Seven species of Drosera occur in eastern North America. Heretofore, no 
emphasis has been placed on characters presented by the seeds of sundews. 
In fact, they have been too briefly and inaccurately described and never 
adequately illustrated. This is unfortunate, for the seeds of the seven species 
ai*6 beautifully distinct and offer a great aid in identification. Using only leaf 
shape, it is not always possible to distinguish D. intermedia from D. anglica; 
and the leaves of certain forms of D. capillaris and D. brevifolia can be mis¬ 
taken for D. rotundifolia. However, by means of stipules and seeds the spe¬ 
cies of Drosera in eastern North America are easily separated. For this 
reason the seeds are carefully described and illustrated here. 

Drosera L. Gen. PI. 89. 1737; Sp. PI. 281. 1753. 

2lorella Hall, in Rupp. FI. Jen. 114. 1746. 

Esera Neck. Elem. Bot. 2: 160. 1790. 

Dismophyla Raf. FI. Tellur. 3: 36. 1836. 

Adenopa Raf. FI. Tellur. 3: 37. 1836. 

Filicirna Raf. FI. Tellur. 3: 37. 1836. 

Sondera Lehm. Pugill. 8: 44. 1844. 

Annual, biennial, or perennial insectivorous herbs of bogs and marshes. 
Leaves alternate, usually basal, tufted, covered with long glandular hairs 
which copiously exude a clear, viscid secretion. Blades filiform to peltate, 
circinate in vernation. Stipules scarious, variously fringed or divided, 
adnate or free (lacking in one of our species). Inflorescence a cincinnus [not 
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a raceme], nodding at the undeveloped apex. Flowers regular, hypogynous, 
generally pentamerous. Sepals 4-8 (usually 5), withering-persistent, distinct 
or united at the base. Petals 4-8 (usually 5), white, pink, or purple, broad¬ 
ened at the tip, distinct or slightly united at the base. Stamens 4r-8, as many 
as the petals, with subulate or filiform filaments and extrorse, versatile 
anthers. Ovary superior, sessile, 1-celled, many-ovuled with 3-5 parietal 
placentae. Ovules subglobose or ovoid in 2-5 rows on each placenta. Styles 
2-5, (usually 3), bipartite to the base. Capsule 2-5 (usually 3) valved. Seeds 
minute, anatropous, numerous, stipitate; the testa loose and variously reticu¬ 
lated and ornamented. 

Leaf-blades filiform, not distinct from the petiole . 1. D. filiformis. 

Leaf-blades expanded, distinct from petiole. 

Leaf-blades suborbieular, broader than long; seeds sigmoid-fusiform, 

finely longitudinally striate. . 2. D. rotundifolia . 

Leaf blades linear, spatulate, or cuneate; seeds variously ornamented. 

Htipules adnate. 

Leaf-blades linear; seeds rhomboidal, crateriform, 0.5-0.8 mm. 

long ... . . 3. D. linearis. 

Leaf-blades elongate-spatulate; seeds fusiform, areolate-striate, 

1-1.5 mm. long . ... 4. D. anglica. 

Htipules free or lacking. 

Htipules conspicuous, free, scape glabrous. 

Flowers white, 7-8 mm. in diameter, petals 4-5 mm. long; seeds 
irregularly and densely covered with long papillae, 0.7-1.0 


mm. long . .5. D. intermedia . 

Flowers pink, 10 mm. in diameter, petals 6-7 mm. long; seeds 

papillose-corrugated with 14-16 ridges, 0.4-0.5 mm. long . D. capillaris. 

Stipules absent, scape glandular-pubescent, seeds crateriform, 0.3- 

0.4 mm. long. 7.1). brevifolia . 


1. Drosera filiformis Rat*. Med. Rep. II. 5: 360. 1808; in Desv. Jour, de 
Bot. 1 (1808): 227. 1809. 

Drosera tenuifolia Willd. Enum. 340. 1809. 

Stem 1-2 (*m. long. Leaves erect, basal, filiform, without distinction 
between blade and petiole, 8-35 cm. long, covered with long, purple or green 
glandular hairs. Stipules adnate, fimbriate on margins, forming matted 
brown wool at the base of the leaves. Scape glabrous, 6-45 cm. long, bearing 
4-26 flowers. Calyx and upper part of pedicel glandular-pubescent. Flowers 
1-2 cm. in diameter. Sepals oblong to elliptic, glandular-pilose, 4-7 mm. 
long, 2-2.5 mm. wide, united at base. Petals purple (rarely white), broadly 
ovate, 7-15 mm. long, 5-15 mm. wide, erose at apex. Styles 3, bi-partite to the 
base. Capsule obovoid, 5-6 mm. long. Seeds blaek, 0.5-0.8 mm. long, elliptic, 
abruptly caudate at both ends, coarsely crateriform, the pits in 16-20 lines. 
Fig. 7. 

Drosera filiformis var. typica Wynne, var. nov. 

D. filiformis Raf. Med. Rep. II. 5: 360, as to type. 1808. 

Leaves 8-25 cm. long, covered with long purple glandular hairs. Scape 

6- 22 ctn. long, bearing 4—16 flowers. Flowers about 1 cm. in diameter; petals 

7- 15 mjn. long, 5-8 mm. wide. 

Along the coast from Massachusetts to Delaware. Fig. 4. 
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Drosera filiformis var. Tracyi (Macfarlane) Diels in Engler, Pflanzenreich 
26 (IV. 112): 92.1906. 

Drosera tracyi Macfarlane in L. H. Bailey, Stand. Cycl. Hort. 2: 1077. 1914. 

Differs from var. typica only in its pale green pubescence, larger size, and 
more robust habit. Leaves 25-35 cm. long, covered with long green glandular 
hairs. Scape 25-45 cm. tall, bearing 14-26 flowers. Flowers 1.5-2 cm. in 
diameter; petals 12-15 mm. long, 15 mm. wide. 

Abundant in the coastal area of the Gulf states from mid-Florida to 
Louisiana; also in Georgia and South Carolina. Fig. 4. 

2. Drosera rotundifolia L. Sp. PI. 281. 1753. 

V. septentrionalis Stokes, Bot. Mat. Med. 2: 189. 1812. 

D. rotundifolia var. comosa Fern. Rhodora 7: 9. 1905. 

Stem 1-2 cm. long bearing a rosette of leaves. Petiole 1.5-5 cm. long, flat, 
glandular-pilose. Leaf-blade suborbicular, 0.4—1 cm. long, broader than long 
and much shorter than the petiole. Stipules 4—6 mm. long, adnate, fimbriate 
along the upper half. Scape glabrous, 7-35 cm. long, bearing 3-15 (1-25) 
flowers. Flowers about 4-7 mm. in diameter. Sepals oblong, 4—5 mm. long, 
1.5-2 mm. wide, obtuse, united at base. Petals white to pink, spatulate, 
longer than the sepals, 5-6 mm. long, 3 mm. wide. Styles 3, bipartite. Capsule 
5 mm. long. Seeds light brown, 1-1.5 mm. long, sigmoid-fusiform, finely and 
regularly longitudinally striate, shiny with a metallic luster. Fig. 6. 

Common in bogs and swamps in northern North America south to Cali¬ 
fornia, Montana, Illinois, Wisconsin, Ohio, South Carolina, and Georgia. 
Fig. 1. 

3. Drosera linearis Goldie, Edinb. Phil. Jour. 6: 325. 1822. 

Stem 1-2 cm. long with a rosette of erect leaves. Petiole 3-7 cm. long, 
glabrous, flattened. Leaves linear, 2-5 cm. long, about 2 mm. wide. Stipules 
5 mm. long, adnate, fimbriate along the margins. Scape glabrous, 6-13 cm. 
long, bearing 1-4 flowers. Flowers about 6-8 mm. in diameter. Sepals oblong- 
elliptic, minutely glandular-denticulate, 4-5 mm. long, 2 mm. wide, united 
at base. Petals white, obovate, 6 mm. long, 3-4 mm. wide. Styles 3, bipartite 
to the base. Capsule 4-5 mm. long. Seeds black, 0.5-0.8 mm. long, rhomboidal, 
oblong-obovate, densely and irregularly crateriform. Fig. 8. 

In northeastern North America extending south to Maine, Michigan, and 
Wisconsin. Fig. 5. 

4. Drosera anglica Huds. FI. Angl. ed. 2, 135. 1778. 

D. anglica , Gray, Man. ed, 7, 441, 1908. 

D.longifolia , Britton & Brown, Ill. FI. 2: 204. 1936; Rydberg, FI. Prairies & Plains, 
386. 1832. 

Stem 1-2 cm. long bearing a rosette of leaves. Petioles 3-7 cm. long, gla¬ 
brous or sparsely glandular hairy. Leaves obovate to elongate-spatulate, 3-4 
mm. wide, 15-35 mm. long, with long glandular hairs on the upper surface. 
Stipules a mm. long, adnate along the entire length, fimbriate along the 
upper half. Scape glabrous, 6-25 cm. long, bearing 1-9 flowers. Flowers 6-7 
mm. in diameter. Sepals oblong, minutely glandular-denticulate, 5-6 mm. 
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long, united at the base. Petals white, spatulate, 6 mm. long. Styles 3, bi¬ 
partite to the base. Capsule minutely tuberculose, 4-6 mm. long. Seeds 1-1.5 
mm. long, black, sigmoid-fusiform, longitudinally striate-areolate. Fig. 9. 

In western North America, around the Great Lakes, and in eastern 
Canada. Fig. 2. 



Seeds of Drosera. Fig. 6 . T). rotundifolia. Fig. 7. 1). filiformis. Fig. 8. D. linearis . 
Fig. 9. 1). anglica. Fig. 10. D. capillaris. Fig. 11. D. intermedia. Fig. 12. D . brevi- 
folia. All x 80. 


5. Drosera intermedia Hayne in Schrad. Jour. Bot. 1800 (1): 37. 1801. 

D.longifolia Mielix. FI. Bor. Am. 1: 186. 1803. 

71. amrrirana Willd. Enum. 340. 1809. 

D. foliosa Elliot, Sketch 1: 376. 1817. 

D. intermedia p corymbosa DO. Prodr. 1: 318. 1824. 

D . intermedia y amrrirana DO. Prodr. 1: 318. 1824. 

D. longifolia Gray, Man. ed. 7, 441. 1908. 

1). intermedia Britton & Brown, Ill. FI. 2: 203. 1936; Rydberg, FI. Prairies and Plains, 
386. 1932. 

D. intermedia f. corymbosa Fern. Rhodora 40: 333. 1938. 

Stem 1-8 cm. long, bearing leaves in a rosette and/or at intervals for 
several centimeters along the stem. Petioles 2-5 cm. long, glabrous. Leaves 
oblong spatulate to obovate, 4-5 mm. wide, 8-20 mm. long, bearing long 
glandular hairs on the upper surface. Stipules adnate at the base for the first 
millimeter, then breaking into several setaceous segments 2-5 mm. long. 
Scape erect, glabrous, 9-20 cm. long, bearing 9-20 flowers. Flowers 7-8 mm. 
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in diameter. Sepals oblong, 3-4 mm. long, 1-1.5 mm. wide, united at base. 
Petals white, 4-5 mm. long, 3-5 mm. wide. Styles 3 (rarely 4), bipartite. 
Capsule 4-5 mm. long. Seeds 0.75-0.95 mm. long, reddish brown, oblong, 
blunt at the ends, densely and irregularly covered with long papillae. 
Fig. 11. 

Northeastern North America; around the Great Lakes and along the 
coast from Newfoundland to Texas. Fig. 3. 

6. Drosera capillaris Poir. Encvcl. 6 : 299. 1804. 

D, brevifolia & major Hook. Hook. Jour. Bot. 1: 194. 1834. 

D. rotundifolia var. capillaris Eaton & Wright, N. Am. Bot. 230. 1840. 

D. minor Wood, Class-Book, 251. 1861. 

Stem 1-2 cm. long, bearing a rosette of leaves. Petiole 0.6-4 cm. long, 
sparsely glandular-pilose. Leaves broadly spatulate, 0.5-1 cm. long, 3-5 mm. 
wide, usually shorter than petiole. Stipules free, or adnate for the first milli¬ 
meter, then breaking into numerous setaceous segments 3-5 mm. long. Scape 
glabrous, 4-20 (35) cm. long, bearing 2-20 flowers. Flowers about 1 cm. in 
diameter. Sepals oblong-elliptic, 3-4 mm. long, 1-2 mm. wide, obtuse, united 
at base. Petals pink, 6-7 mm. long, 2-3 mm. wide. Styles 3, bipartite to the 
base. Capsule 4-5 mm. long, surpassing the calyx. Seeds brown, 0.4-0.5 mm. 
long, elliptic to oblong-ovate, asymmetric, coarsely papillose-corrugated in 
14—16 ridges. Fig. 10. 

Common in the coastal area from southern Virginia to Texas. Fig. 2. 

7. Drosera brevifolia Pursh, FI. Am. Sept. 1: 211. 1814. 

Stem 1-2 cm. long, bearing a rosette of leaves Petiole 5-10 mm. long, 
glabrous, dilated. Leaf-blades cuneate, 4-10 mm. long, usually longer than 
the petiole. Stipules absent or reduced to one or two minute setaceous seg¬ 
ments. Scape 4-9 cm. long, glandular pubescent, bearing 1-8 flowers. 
Flowers about 1.5 cm. in diameter. Sepals glandular-pubescent, oblong-ovate, 
2.5^-3.5 mm. long, 1.5-2.5 mm. wide. Petals rose to white, obovate, 4-5 mm. 
long, 2-3 mm. wide. Styles 3, bipartite to the base. Capsule 3 mm. long. Seeds 
black, 0.3-0.4 mm. long, obovate, oblong, caudate at base, erateriform, the 
pits in 10-12 rows. Fig. 12. 

In the coastal area, w T here it is common, from southern Virginia to Texas, 
Florida, and Missouri. Fig. 5. 


excluded name 

Drosera longifolia L. Sp. PI. 281. 1753. Nomen ambiguum. 

The New York Botanical Garden 
New York 
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A DISCUSSION OF THE OCHNACEOUS GENUS FLEURYDORA 
A. CHEV. AND THE ALLIED GENERA OF THE 
LUXEMBURGIEAE 

John D. Dwyer 

In 1933 Auguste Chevalier (1) described the genus Fleurydora from 
material collected near Kinda, French Guinea. A study of his description 
and plate (cl*, his figure 1,1-9) convinced me that Chevalier erred in placing 
the new genus in the tribe Euthemidae Planehon; this previously consisted 
of the single genus Euthemis Jacq. with six species described from Borneo 
and Sumatra. Hutchinson (2) recently brought this error to light and re¬ 
classified Fleurydora , relating it to two American genera of the Ochnaceae, 
Blastcmanthus Planehon and Godoya R. and P. Unfortunately he resur¬ 
rected van Tieghem’s tribe Blastemantheae, described in 1904, and placed 
the trio of genera therein. Apparently on the grounds that van Tieghem’s 
treatment of the Ochnaceae is a ‘‘celebrated classification,” Hutchinson 
elected to rely on his work to a marked extent. He proceeded in turn to criti¬ 
cize Chevalier’s classification without himself manifesting a clear under¬ 
standing of the complex tribe Luxemburgieae from which he separated the 
Blastemantheae. 

I have spent more than two years in studying the American genera of the 
Luxemburgieae and feel qualified to discuss relationships within this tribe. 
Hutchinson’s initial error lies in accepting van Tieghem’s work without 
critical analysis. He admits that van Tieghem based his classification 
“mainly on anatomical characters.” Several workers 1 attest to the unsound¬ 
ness of van Tieghem’s study of the Ochnaceae (3), indicating that his 
criteria of classification are unorthodox, viz., his splitting of the genus 
Ouratea into thirty-four genera and his many new species described without 
adequate morphological descriptions and accompanying keys. 

Fleurydora A. Chev. is obviously not related to the genus Euthemis 
Jacq., since as Hutchinson himself points out, “the tribe Euthemidae is 
characterized especially by the possession of only two ovules in each loculus 
of the ovary, and in having a baccate fruit composed of five pyrenes.” He 
then reclassifies Fleurydora , placing it in the Blastemantheae and indicating 
the affinity of this tribe with the Luxemburgieae on the basis of its numerous 
ovules and capsular fruit. Preceding the formal description of his revised 

1 Beauverd, G (Le genre Luxemburyia. Bull. Soc. Bot. Geneve II. 7: 232. 1916.) 
states: ‘‘. . . au sens de van Tieghem ... la notion du tribu . . . s’applique exactement 
k notre conception du genre. . . . M Riley, A. M. (Mexican and Central American Species 
of Ouraiea. Kew Bull. 1924: 102. 1924) points out at some length the weaknesses of van 
Tieghem’s work. 
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tribe Blastemantheae, Hutchinson asserts that the ‘ * character of the very 
unequal-sized and spirally arranged sepals is shared only by these three 
genera of the Ochnaceae,” Blastemanthns, Godoya , and Fleurydora, the 
three genera of his emended tribe. This statement does not agree with the 
facts, since Rhytidanthera van Tieghem, Krukoviella A. C. Smith, and 
Poecilandra Tulasne, three American genera of the Luxemburgieae, have 
unequal sepals similarly arranged. In fact the sepals of Rhytidanthera , the 
only pinnately-leafed genus of the Ochnaceae, are the prototypes of those 
of Godoya in every detail. This character, as well as less obvious characters, 
demonstrate the close relationship existing between Godoya and Rhytid¬ 
anthera . Both of these are closely allied with the genus Cespedezia Goudot 
principally on the basis of the following characters: the fimbriate appen¬ 
dages (glands?) located at the proximal and inner surface of the bracts and 
sepals, the coriaceous and estylate and pentacarpellate pistil with intrusive 
T-shaped parietal placentae and with sessile radiating stigmas, and lastly 
the distinctly alate seeds. Krukoviella agrees with the above genera in all 
these characters except that the sepals lack appendages. Its close relationship 
with Godoya is manifested in the shape, texture, and venation of the leaf- 
blades, in the texture and shape of the sepals (here often subequal in 
length), and in the dehiscence of the anthers by a single instead of two 
terminal pores. The genus Blastemanthns, in turn, gives evidence of its rela¬ 
tionship with Godoya, Rhytidanthera , Cespedezia , and Krukoviella in the 
texture and shape of the sepals, anthers, and pistil, the eccentric position of 
the pistil at anthesis, and the intrusive T-shaped parietal placentae bear¬ 
ing numerous imbricate ovules. The presence of subulate staminodia links 
Blastemanthns to the remaining American genera of the tribe. While several 
species of Poecilandra have some of their staminodia the prototypes of 
Blastemanthns, the relationship existing between these genera is evident, 
especially in their vegetative characters. Blastemanthns is more closely 
related to a recently describee) ochnaceous genus, Tyleria Gleason, since it 
possesses alate seeds and terminally poricidal and unequal-celled anthers as 
well as a subulate style. Tyleria is closely related to the three remaining 
American genera of the Luxemburgieae, all of which are herbaceous. 

Hutchinson in his discussion of Fleurydora omits much of importance. 
In the first place he circumvents van Tieghem’s tribe Godoyeae and shifts 
without explanation the type genus of the Godoyeae to the closely related 
tribe, Blastemantheae. In his description of the latter tribe he states simply 
that the fruit is a capsule. One of the striking characters of the genus 
Blastememthus, a character which Hutchinson does not describe or discuss, 
and which in my opinion demands consideration, is the reduction in seed 
number to one or two per carpel; this condition is correlated with an infold¬ 
ing in the fruit of one or of both of the margins of each of the three carpels, 
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one of the paired margins being non-seminiferous (see figure 1, h ); the seeds 
of Blastemanthus are exceptionally large and are nonalate (fig. 1, j). Thus 
in the character of its fruit Blastemanthus differs from Godoya and Fleury¬ 
dora, as well as from the remaining American genera of the Luxemburgieae. 
In my opinion the internal structure of the fruit of Blastemanthus provides 
some evidence for upholding a distinct monogeneric tribe Blastemantheae. 
However I am retaining it in the tribe Luxemburgieae in light of the other 
characters discussed above. 



Fig. 1. Blastemanthus grandiflorus Spruce: a—bud (xl); b—flower (xl); c—longi¬ 
tudinal flection through flower (x2) ; d —coronal segment (x4) ; e—stamen (x4) ; f—api¬ 
cal portion of anther, ventral view, showing dehiscence pores (x 8). (a, drawn from Spruce 
b-f, drawn from llucke 207.) B. gcmmiflorus (Mart, and Zucc.) Planch.: g—capsule 
(xl); h—cross-section of mature capsule, showing placentation (x2); j—seed (x5). 
(g-j, drawn from Spruce J?oy.) 

To establish the relationship between Fleurydora and the genera of the 
Luxemburgieae is difficult. Several lines of evidence indicate that the New 
World genus Poccilandra is closely allied with Chevalier’s genus; the leaf- 
blades are similar in shape, retuse at the apex, and have closely crowded 
secondary veins; the sepals are similarly disposed and comparable in tex¬ 
ture, while the style is subulate, and the seeds are short-alate, although the 
wing in Poecilandra is about equal at each end of the oblong body of the 
seed. One important character, however, demonstrates that Fleurydora is 
related at least in part to the Godoya, Rhytidanthera , Krukoviella, Cespe- 
dezia, and Luxemburgia complex: the pattern of the placentation. Many 
workers (including Chevalier in his work on Fleurydora) state that the 
placentation is axial and hence the ovary is 3-5-loeulate depending upon the 
number of carpels characterizing the particular genus. My observations show 
that the genera listed above have intrusive parietal placentation and that the 
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ovary is uniloculate . Although material of Fleurydora is not available for 
dissection, I anticipate that Chevalier in his figure of the cross-section of the 
ovary (see his figure 1, no. 9) has erred on the matter of placentation, as 
many authors have done in describing and figuring the ovaries of the genera 
of the above complex. I have found that the adjacent margins of the carpels 
pass into the locule in a paired condition and as they approach the axial 
“line” bifurcate, with each margin curving; a cross-section shows 3-5 
T-shaped parietal placentae with the minute imbricate ovules borne on the 
abaxial face of each end of the T. Undoubtedly the thick-walled ovary, 
crassate placentae, and the abundance of ovules have caused workers to err 
in their description of the placentation. 

SUMMARY 

We may therefore conclude that Chevalier’s genus Fleurydora belongs 
to the tribe Luxemburgieae and that it is related to several of the American 
genera of the tribe, particularly to Poccilandra. The tribe Luxemburgieae, 
as far as the American genera are concerned, is more comprehensive than 
maintained by either van Tieghem or Hutchinson. 

The author washes to thank Mr. Charles Gilly of the New York Botanical 
Garden who supplied the figure of Blastema nthus. 

Albany College of Pharmacy, Union University 
Albany, New York 
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ANOTHER NEW NAME IN VACCINIUM 

W. H. Camp 

For h number of years it was customary to refer to the North American 
lowbush material of Vactinium submenus Cyanococcus having shining green 
leaves with sharply serrate margins and blue fruit as Vactinium pensylvani- 
cum. Later, it was pointed out that V. pcnsylranicum Miller (Gard. Diet. ed. 
8. 1768) referred to a non-vacciniaceous plant. The next oldest valid name 
for any part of this material was Vaccinium angustifolium Aiton (Hort. 
Kew. ed. 1.2: 11. 1789). 

More recently Longlev (Science 66: 566-568. 1927) reported that Vac - 
ciniunt angustifolium was tetraploid. Work now in progress indicates that 
“V. angustifolium 99 consists of two rather distinct entities, one diploid 
(n - 12), the other tetraploid (n = 24), which seem incapable of producing 
fertile hybrids. Therefore, such plants as might appear to be connecting 
intergrades are not the result of hybridization between these two followed 
by segregation, but the result of differential responses to environmental con¬ 
ditions. Where they grow together under the same conditions, the tetraploid 
is easily distinguished from the diploid by its greater height, coarser branch¬ 
ing habit, larger flowers and leaves (the leaves are usually a deeper green), 
ami much larger fruit. These differences seem to be the standard result of 
the advent of polyploidy in Vaccinium. 

All of the available evidence points to the fact that the nomenclatural 
type of T. angustifolium Ait. belongs to the diploid population. It is there¬ 
fore thought that some name should be found which might be applied to the 
tetraploid population. In searching through the literature, we find that 
Lamarck has given us an excellent description of this coarser plant, outlin¬ 
ing in considerable detail the characters such as height of plant, size of leaf, 
flower, and fruit, which we now know serve to distinguish the tetraploid 
from the diploid, even noting that the plant came from Pennsylvania, where 
the tetraploid is relatively abundant. 1 Unfortunately, Lamarck applied 
the name V. pcnsilvanicum to his plant. In supplying a name for this tetra¬ 
ploid population, the following has been chosen: 

1 It is quite likely that the material sent to the Jardin du Roi—and from which 
Lamarck drew his description—was selected for size of berry, a natural thing to do. 
Several years ago I examined a plot containing more than a hundred of the late F. V. 
Coville’s selections of “ V. angustifolium.” These selections were made primarily on the 
basis of the size of berry. So far, each of these examined has proved to be tetraploid; and 
it was from this group of plants that the material studied by Longley was obtained. 
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Vaccinium lamarckii, Camp, nom. nov. Vaccinium pensilvanicum Lam. 
Encyc. 1: 74. 1783. Not Vaccinium pensylvanicum Milljar, Gard. Diet. ed. 
8.1768. 

There is, of course, the problem of status. On the basis of the general 
morphological affinities, it might seem advisable to treat V. lamarckii as a 
genetic subspecies of V. angustifolium; but to do so might be laying the way 
open for a future cumbersome nomenclatural situation. For example: being 
tetraploid, the relatively lowbush V. lamarckii hybridizes freely with the 
highbush V, corymbosum in certain areas; in fact, as will be pointed out in 
later papers, it is the source of certain of the notable variant forms of V. 
corymbosum . On the other hand, genetically, it is completely disjunct from 
the diploid V. angustifolium. Actually, the apparent intergrades between 
V . angustifolium and V. lamarckii , the result of plants of both growing 
under unusual environmental conditions, are no greater in number and no 
more troublesome of identification than the “lamarekioid” segregates of V . 
lamarckii x T r . corymbosum; yet we would not think of combining these latter 
two entities under the same binomial. It is therefore thought best to treat 
V. angustifolium and V . lamarckii as separate species, at least in the pre¬ 
liminary stages of our investigation. It has the further advantage, for the 
present, of clarifying the nomenclatural and phyletic situation in a group 
which contains differentiated and genetically disjunct pairs of diploids and 
derived tetraploids, such as: V. cacsariense and I", australc; V\ atrococcum 
and V. arkansanum; I 7 , pallidum and V. simulation; V. tcncllum and V. 
virgatum; V. torreyanum (“vacillans”) and V. tallapusae; as well as V. 
angustifolium and I 7 , lamarckii. 

Tiie New York Botanical Garden 
New York 
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5 N 1943. 

King, L. J. A list of Myxopliyceae from Wayne County, Indiana. Proe. Indiana 
Acad. 52: 71-81. Ja 1944. 

Krukoff, B. A. Supplementary notes on the American species of Erythrina —II. 

Bull. Torrev Club 70: 633-637. 16 N 1943. 

Legg, W. C. A Brooks, M. New Bolrychium finds in West Virginia. Am. Fern 
Jour. 33: 140, 141. O-D [15 D] 1943. 

Lepage, E. Les lichens, les mousses et les hepatiques du Quebec, et leur role dans 
la formation du sol arable dans le region du bus de Quebec, de L^vis a Gaspe. 
Nat. Canad. 70: 193-217. S-0 1943 [Ja 1944]. 

Li, Hui-Lin Studies in the Melastomataceae of China. Jour. Arnold Arb. 25: 
1-42. Ja 1944. 

Little, E. L. & Campbell, R. S. Flora of Jornada Experimental Range, New 
Mexico. Am. Midi. Nat. 30: 626-670. f. 1-4. N [D] 1943. 

Marie-Victorin, Frere Les Vallisn^ries americaines. Contr. Inst. Bot. Univ. 
Montreal 46: 1-38. /. 1-22. 1943. 

Marie-Victorin, Frere Mise au point sur les Gerardia du Quebec. Nat. Canad. 

70: 235-244. f. 1, 2. S-0 1943 [Ja 1944]. 

Marie-Victorin, Frere , Rousseau, J. A Cailloux, M. Le Cirsium minganenxc est il 
une bonne esp^cef Contr. Inst. Bot. Univ. Montreal 44: 65-72. /. 1-4. 
1942. 

Maxon, W. R. Five new species of Dryopteria from Peru. Jour. 'Wash. Acad. 
34: 24-27. 15 Ja 1944. 

Maxon, W. R. New tropical American ferns—XIV. Am. Fern Jour. 33: 133- 
137. O-D [15 D] 1943. 

Moran, R. New name. Desert 14: 123. O [D] 1943. 

Morton, O. V. Note on Dryopteru celtta. Am. Fern Jour. 33: 141, 142. O-D 
[15 D] 1943. 

Palmer, O. M. Distribution by altitude of two species of Lemanea in Tennessee. 

Proe. Indiana Acad. 52: 69, 70. f. 1-3. [Ja 1944]. 

Parker; D. Additions to the Hepaticae of Indiana, II. Proe. Indiana Acad. 
52: 96. Ja 1944. 

Parodi, L. R. La vegetacidn del departamento de San Martin en Corrientes 
(Argentina). Darwiniana 6: 127-178. pi. 1-11 +/. 1-5. 8 1943. 
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Porter, 0. L. An annotated list of the type specimens in the Bocky Mountain 
Herbarium. Univ. Wyoming Publ. 10: 9-25. 15 Ap 1943. 

Questal, A. The flora of the Island of 8t. Bartholomew (French West Indies) 
and its origin, i-vii, 1-224. illuxt . Guadeloupe. 1941. 

Rapp, W. F. New stations for Equixetum hyemale var. Jesupi f. multirameum. 

Ain. Fern Jour. 33: 139, 140. O-D [15 D] 1943. 

Rehder, A. Sckimndra Michaux, nomen genericum conservandum. Jour. Arnold 
Arb. 25: 129-131. Ja 1944. 

Rehder, A. A Dayton, W. A. A new combination in Axirnina. Jour. Arnold Arb. 
25: 84. Ja 1944. 

Rossbach, R. P. En genero Spergularia (Carvophyllaceae) en Chile. Darwiniana 
6: 211-256. pi. 1-3. S 1943. 

Roussean, J. Additions ii la flore dt* Pile d’Anticosti. Contr. Inst. Bot. Univ. 
Montreal 44: 11-36. /. 7-7. 1942. 

Roasseau, J. La forme naine de Planlago juncaide* et d'autres especes. Contr. 

Inst. Bot. Univ. Montreal 44: 59-64. /. 7, g. 1942. 

Santos, J. V. The Philippine, (liinese, and Indo-Chinese species of the grass 
genus Gamutia Brongniart. Jour. Arnold Arb. 25: 85-96. pi. 1+f. 1. Ja 
1944. 

Schultes, R. E. Plantae Colombianue, V. Species nova generis Hcrrania. Caldasia 
8: 261-264. 1 pi. 20 S 1943. 

Schweinfurth, C. Another new species of Coryanthes. Am. Orchid Soc. Bull. 12: 
276, 277. 7 pi. 1 Ja 1944. 

Schweinfurth, C. A novel C organ thi s from South America. Am. Orchid Sot*. 
Bull. 12: 242-244. 7 pi. 1 I) 1943. 

Smith, A. C. Studies of Papunsian plants, VI. Jour. Arnold Arb. 25: 104-121. 
Ja 1944. 

Swallen, J. R. The Alaskam species of J'nccinrllia. Jour. Wash. Acad. 34: 
16-23. 15 Ja 1944. 

Swallen, J. R. A Garcia-Barriga, H. Five new grasses from Colombia. Caldasia 
8: 301-306. 7 pi. 2o S 1943. 

Uribe Uribe, L. Nuevas o.-pecies colombianas del genero Inga. Caldasia 8: 241- 
250. o pi. 20 S 1943. 

Vargas C. C. Two new bomereas and a new stenomesson. Nat. Hort. Mag. 22: 
130-134. illuxt. O 1943. 

Wagner, P. R. The flora of Schuylkill County, Pennsylvania. 1-230. Univ. Penn. 
Philadelphia, 1943. 

Weatherby, C. A. A group of Srlaginella Parishii. Am. Fern Jour. 33: 113- 
119. O-D [15 1) J 1943. 

Welch, W. H. Studies in Indiana Brvophvtes V. Proc. Indiana Acad. 52: 52- 
57. /. i-*S. [Ja 1944]. 

Wherry, E. T. The American azaleas and their varieties. Nat. Hort. Mag. 22: 
158-166. J pi. O 1943. 

Whitford, L. A. Tlu* fresh water algae of North Carolina. Jour. Elisha Mitchell 
Hoc. 50: 131-170. pi. -7. 1> 1943. 

Wynne, F. E. A Steere, W. O. The bryophyte flora of the east coast of Hudson 
Bay. Brvologi8t 46: 73-87. 8 1943. 

Yuncker, T. G. Cuscuta oblurtfiora H.B.K. var. glandnlosa Engelm. in Indiana. 
Proc. Indiana Acad. 52: 82. Ja 1944. 
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MORPHOLOGY 

(including anatomy, and cytology in part) 

Artach wager, E. A McGuire, R. 0. Contribution to the morphology and anatomy 
of the Russian dandelion (Taraxacum Icolc-saghyz). IJ.S.D.A, Tech. Bull. 
843: 1-24. /. 1-18. D 1943. 

Bacchl, O. Cytological observations in Citrus: III. MegaBporogenesis, fertiliza¬ 
tion, and polyembryony. Bot. Gaz. 106: 221-225. f. 1-9. D 1943 [11 Ja 
1944]. 

Bailey, I. W. The comparative morphology of hte Winteraeeae. III. Wood. Jour. 

Arnold Arb. 26: 97-103. pi. 1-4. Ja 1944. 

Carlton, W. M. Histological and cytological responses of roots to growth-regulat¬ 
ing substances. Bot. Gaz. 106: 268-281. /. 1-21. D 1943 [11 Ja 1944]. 
Chrysler, M. A. The vascular structure of the leaf of Gleichenia. I. The anatomy 
of the branching regions. Am. Jour. Bot. 30: 735-743. f. 1-28. X [2 D] 
1943. 

Erdtman, G. An introduction to pollen analysis. i-:rv, 1-239. 'Must. Chronica 
Botanica Co., Waltham, Mass. 1943. 

Flory, W. 8. A Tomes, M. L. Studies of plum pollen, its appearance and germina¬ 
tion. Jour. Agr. Res. 67: 337-358. 1 N 1943. 

Groh, H. Variation and abnormality in common milkweed ( Aselepias syriaca 
L.) Canad. Field Nat. 57: 114* f. I, 2. 8 [D1 1943. 

Hanson, C. H. Cleistogamy and the development of the embryo sac in Ltspcdeza 
8tipulacea. Jour. Agr. Res. 67: 265-272. 1 pi. 15 8 1943. 

Haupt, A. W. Structure and development of Symphyogyna brasilicnsis. Bot. 

Gaz. 106: 193-201. /. 1-31. I) 1943 [11 Ja 1944]. 

McCown, M. Anatomical and chemical aspects of abscission of fruits of the 
apple. Bot. Gaz. 105: 212-220. f. 1-8. D 1943 [11 Ja 1944]. 

McDonough, B. 8. Studies on the cytoplasm and its inclusions in Sclerospora 
graminicola. Am. Jour. Bot. 30: 809-813. f. 1-11. 1) 1943 [Ja 1944]. 
McMenamln, J. P. Observations on the stomatal structure of Ilex opava. Proc. 

Indiana Acad. 52: 58-61. /. 1-8. [Ja 1944]. 

Mann, L. K. Fruit shape of watermelon as affected by placement of pollen on 
stigma. Bot. Gaz. 105: 257-262. f. 1-5. D 1943 [11 Ja 1944], 

Smith, F. H. Magagametopbyte of Clintonia. Bot. Gaz. 106: 263-267. /. 1-14. 
D 1943 [11 Ja 1944]. 

Steinhauer, G. P. Frequency of polyembryony in Fraxinus seeds. Bot. Gaz. 
105: 285. D 1943 [11 Ja I944J. 

Treitel, O. The elasticity breaking stress and breaking strain of the horizontal 
rhizomes of species of Equisetum. Trans. Kansas Acad. 46: 122-132. pi. 
1-8. [D] 1943. 

PLANT PHYSIOLOGY 

(See also under Morphology: Carlton; under Mycology: Mader) 
Anderson, J. A. A Eva, W. J. Htarch content of western Canadian wheat. II. 
Its estimation from protein content, and some estimated data. Canad. Jour. 
Res. C 21: 323-331. /. 1-8. N [D] 1943. 

Aromoif, 8. A Macfcinney, G. Pyrrole derivatives and iron chlorosis in plants. 
Plant Physiol. 18: 713-715. O [D] 1943. 

Avefry, G. 8. A Berger, J. Tryptpphan and phytohormone precursors. Science 98: 
513-515. 10 D 1943. 

Bailey, L. P. A McHargue, J. 8. Enzyme activity in tomato fruits and leaves at 
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different stages of development. Am. Jour. Bot. 30: 763-766. /. 1, 2. D 

1943 [Ja 1944]. 

Barr, 0. G. ft Newcomer, E. H. Physiological aspects of tetraploidy in cabbage. 

Jour. Agr. Res. 67: 329-336. 15 O 1943. 

Beilmann, A. P. Home hourly observations of tree growth. Ann. Mo. Bot. Gard. 
30: 443-451. /. 7. N 1943. 

Bernstein, L. Hybrid vigor in corn and the mobilization of endosperm reserves. 

Am. Jour. Bot. 30: 801-809. /. 7-.9. I) 1943 [Ja 1944]. 

Bonner, J. Effects of temperature on rubber accumulation by the guayule plant. 

Bot. Gaz. 105: 233-243. 1) 1943 [11 Ja 1944]. 

Boyd, I. L. (Termination tests on four species of Sumac. Trans. Kansas Acad. 
46: 85, 86. [I>] 1943. 

Curtis, L. C. Deleterious effects of guttated fluids on foliage. Am. Jour. Bot. 
30: 778-781. /. 1-4. J) 1943 | Ja 1944J. 

Eaton, P. M. The osmotic and vitalistic interpretations of exudation. Am. Jour. 
Bot. 30: 663-674. /. 7-5. N [2 D] 1943. 

Priesner, R. C. Some aspects of tree growth. Proc. Indiana Acad. 52: 36-44. 
| Ja 1944]. 

Gustafson, F. G. Decomposition of the leaves of some forest trees under field 
conditions. Plant Physiol. 18: 764-707. /. 7. O [D] 1943. 

Hamner, C. L. ft Marth, P. C. Effects of growth-regulating substances on pro¬ 
pagation of goldenrod. Bot. Gaz. 105: 182-192. f. 1-6. D 1943 [11 Ja 

1944 J. 

Hayward, H. E. ft Long, E. M. Home effects of sodium salts on the growth of 
the tomato. Plant Physiol. 15: 556-569. f. 7-6*. O |D] 1943. 

Hayward, H. E. ft Spurr, W. B. Effects of osmotic concentration of substrate 
on the entry of water into corn roots. Bot. Gaz. 105: 152-164. /. 1-9. 
D 1943 | 11 Ja 1944]. 

Johnson, L. P. V. The storage and artificial germination of forest tree pollen. 

(’anad. Jour. Res. ('21: 332-342. X | D] 1943. 

King, L. J. Responses of Elodca dcnsa to growth regulating substances. Bot. 

Gaz. 105: 127-151. 1> 1943 [ 11 Ja 1944]. 

Lammerts, W. E. Effect of photoperiod and temperature on growth of embryo- 
cultured peach seedlings. Am. .lour. Bot. 30: 707-711./. 1-2. N [2 I)] 1943. 
Lapp, W. 8. A study of factors affecting the growth of lawn grasses. Proe. 
Pa. Acad. 17: 117 -148. 1943. 

Lewis, F. T. The geometry of growth and cell division in epithelial mosaics. Am. 

Jour. Bot. 30: 766-776. /. 1—S. D 1943 [Ja 1944], 

Link, C, K. K. ft Eggers, V. Enhanced auxinic activity of tomato tissues in 
presence of 1 tryptophane. Bot. Gaz. 105: 282-284. D 1943 [11 Ja 1944]. 
MacDougal, D. T. The effects of girdling on pines. Am. Jour. Bot. 30: 715- 
719. f. /. X [2 D] 1943. 

Martin, E. Studies of evaporation and transpiration under controlled conditions. 

Carnegie Inst. Wash. Pub!. 550: i-iii, 1-48. /. 1—17. 1943. 

Northen, H. T. The dissociation of cellular proteins during seed germination. 

Univ, Wyoming Publ. 10: 49-55. 1 J1 1943. 

Olmsted, G. E. Growth and development in maize grasses. III. Pliotoperiodie 
responses in the genus Iloutrloua. Bot. Gaz. 105: 165-181. f. 1-6. D 1943 
|11 Ja 1944]. 

Platenius, H. Effect of oxygen concentration on the respiration of some vege¬ 
tables. riant Physiol. 18: 671-684. /. 1-7. O |D] 1943. 
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Bobbins, W. J. Internal factors limiting growth in plants. Harvey Lectures 
38: 187-198. 1943 [Ja 1944]. 

Shear, 0. B. ft Crane, H. L. Germination of the nilts of the tung tree, as affected 
by penetrants, substrata, depth of planting and storage conditions. Bot. 
Gaz. 105: 251-256. /. 1-5. D 1943 [11 Ja 1944]. 

Slderl8, C. P. et al. Effects of iron on the growth and ash constituents pt Ananas 
comosus (L.) Merr. Plant Physiol. 18: 608-632. f. 1-11. O [D] 1943. 
Sullivan, J. T. ft Sprague, V. G. Composition of the roots and stubble of peren¬ 
nial rye grass following partial defoliation. Plant Physiol. 18: 656-670. 
/. 1-9. O [D] 1943. 

Tuba, J. et al. On sources of vitamin C. Canad. Jour. Res. C 21: 363-373. D 
1943. 

Van Fleet, D. S. The enzymatic and vitagen properties of unsaturated fats as 
they influence the differentiation of certain plant tissues. Am. Jour. Bot. 
30: 678-685. /. 1-12. diag. 1-6. N [2 D] 1943. 

Vlami8, J. ft Davis, A. R. Germination, growth, and respiration of rice and barley 
seedlings at low’ oxygen pressures. Plant Physiol. 18: 685-692. /. 1-5. O 
[D] 1943. 

Wright, K. £. Internal precipitation of phosphorus in relation to aluminum 
toxicity. Plant Physiol. 18: 708-712. O [D] 1943. 

Wynd, F. L. A possible function of vitamin K in plants. Am. Nat. 78: 59-67. 
[17] Ja 1944. 

GENETIC'S 

(including cytogenetics) 

(See also under Taxonomy: Cleland; under Plant Physiology: Barr & Newcomer; 
under Mycology: Kllgmsn; Smith A Cochran) 

Atwood, S. S. ft Sullivan, J. T. Inheritance of a cyanogenctic glucoside and its 
hydrolzing enzyme in Trifolium repens. Jour. Hered. 34: 311-320. O 1943 
[Ja 1944]. 

Cameron, J. W. Chromosomes of a maize relative, Polytoca macrophylla Benth. 

Am. Jour. Bot. 30: 776-778. /. 7, 2. D 1943 [Ja 1944]. 

Garber, £. D. A cytological study of the genus Sorghum: subsections Para- 
sorghum and Eu-sorghum. Am. Nat. 78: 89-93. /. 1. [17] Ja 1944. 

Gorstel, D. U. Inheritance in Nicotiana tabacum. XVII. Cytogenetical analysis 
of glustinosa-type resistance to mosaic disease. Genetics 28: 533-536. 20 
N 1943. 

Giles, N. H. The origin of iso-chromosomes at meiosis. Genetics 28: 512-524. 
/. 1-15 , t. 1-3. 20 N 1943. 

Hecht, A. Induced tetraploids of a self sterile Oenothera. Genetics 29: 69-74. 
Ja 1944. 

Jones, 2L L. Studies on Ambrosia: III. Pistillate Ambrosia elatior xA. trifida 
and its bearing on matroclinic sex inheritance. Bot. Gaz. 106: 226-232. 
/. 1-27* D 1943 [Ja 1944]. 

Mallah, G. 8. Inheritance in Nicotiana tabacum. XVI. Structural difference*) 
among the chromosomes of a selected group of varieties. Genetics 28: 
525-532. f. 1-17 , t . 1-3. 20 N 1943. 

Morgan, W. P. Color inheritance in hybrid Freesias. Proc. Indiana Acad. 52: 
45-il. f. 1-10 [Ja 1944]. 

Bide, O. M. * Hanna, G. O. Determination of sex in A»paragu. officinali x L. 
Am. Jour. Bot. 30: 711-714. N [2 D] 1943. 
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Spencer, W. P. Variation in petal number in the blood-root, Sanguinaria 
canadensis. Ain. Nat. 78: 85-89. [17] Ja 1944. 

Swanson, 0. P. X-ray and ultraviolet studies on pollen tube chromosomes. I. The 
effect of ultraviolet (2327A) on x-ray-induced chromosomal aberrations. 
Genetics 29: 61-68. Ja 1944. 

MYCOLOGY AND PHYTOPATHOLOGY 
fSee also under Morphology: McDonough) 

Barms, M. F. ft Muller, A. S. An Andean disease of potato tubers. Phyto¬ 
pathology 33: 1086-1089. /. 1. N 1943. 

Bawden, F. O. Plant viruses and virus diseases. 2nd ed. i-xi, 1-294. /. 1-48 . 

Chronica Botanica Co., Waltham, Mass. 1943. 

Braun, A. C. Studies on tumor inception in the crown-gall disease. Am. Jour. 
Bot. 30: 674-677. /. 1. N [2 D] 1943. 

Gash, E. K. Some new or rare Florida Discomycetes and Hysteriales. Mycologia 
36: 595-603. /. 7-6‘. N-D 1943. 

Conners, I. L. The rusts of safflower. Phytopathology 33: 789-796. S 1943. 
Grandall, B. 8. Bacterial infection and decay of the inner wood of winter-injured 
young London plane trees. Phytopathology 33: 963, 964. O 1943. 

Creager, D. B. Carnation mosaic. Phytopathology 33: 823-827. /. 1, 2. S 1943. 
Davidson, R. W. ft Campbell, W. A. Decay in merchantable black cherry in the 
Allegheny National Forest. Phytopathology 33: 965-985. f. 1-7. N 1943. 
Dempree, J. B. ft Wilcox, M. 8. The fungus causing the so-called “Septoria 
leafspot disease*’ of raspberry. Phytopathology 33: 986-1003. /. 1, 2. 
N 1943. 

Dix, W. L. Cladonia subcariosa and its forms. Bryologist 46: 103. S 1943. 
Drayton, F. L. ft Groves, J. W. A new Sclerotinia causing a destructive disease of 
bulbs and legumes. Mycologia 35: 517-528. f. 1-11. S-O 1943. 

DuBuy, H. G. ft Woods, M. W. Evidence for the evolution of phytopathogenic 
viruses from mitochondria and their derivatives. II. Chemical evidence. Phy¬ 
topathology 33: 766-777. /. 1-3. S 1943. 

Elliott, C. Recent developments in the classification of bacterial plant pathogens. 
Bot. Rev. 9: 655-666. D 1943. 

Evans, A. W. Microchemical studies on the genus Cladonia , subgenus Cladina. 
Rhodora 46: 418-438. N 1943. 

Fawcett, H. 8. ft Bitancourt, A. A. Comparative symptomatology of Psorosis 
varieties on Citrus in California. Phytopathology 33: 837-864. /. 1-14. O 
1943. 

Fischer, G. W. Some evident synonymous relationships in certain graminicolous 
smut fungi. Mycologia 35: 610-619. /. 1—4. N-D 1943. 

Fischer, G. W. ft Holton, O. 8. Studies of the susceptibility of forage grasses to 
cereal smut fungi. IV. Cross-inoculation experiments with Urocystis tritici, 
V. occulta , and V. agropyri. Phytopathology 33: 910—921. O 1943. 

Fresa, B. Frosty mildew del duraznero en el delta del Parand (Argentina). Rev. 

Arg. Agron. 10: 231-234. pi. 9 + /. 1. S 1943. 

Groves, J. W. A new species of Claviceps on Carex. Mycologia 36: 604-609. 
/. 1, 2. N-D 1943. 

Harvey, R. B. ft Lee, 8. B. Flagellates of laticiferous plants.. Plant Physiol. 
18: 633-655. f. 1-14. O [D] 1943. 

Hosier, L. R. Notes on southern Appalachian fungi. V. Jour. Tenn. Acad. 18: 
290-297. /. 1-3. O 1943. 
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Johanson, A. E. Septochytrivm plurilobulnm sp. nov. Am. Jour. Bot. 30: 
619-622. /. 7. O [18 N] 1943. 

Karling, J. 8. The life history on Anisolpidmw ectocarpii gen. nov. et sp. nov., 
and a synopsis and classification of other fungi with anteriorly uniflagellate 
zoospores. Am. Jour. Bot. 30: 637-648. /. 7-£7. O [18 N] 1943. 

Keitt, G. W. A Moore, J. D. Masking of leaf symptoms of sour-cherry yellows by 
temperature effects. Phytopathology 33: 1213-1215. D 1943. [Ja 1944]. 

Keitt, G. W. et al. Occurrence of the imperfect stage of Sclerotinia laxa on 
Prunns cerasns in Wisconsin. Phytopathology 33: 1212, 1213. /. 7. I) 
1943 [Ja 1944]. 

Kligman, A. M. Some cultural and genetic problems in the cultivation of the 
mushroom, Agaricus campestris Fr. Am. Jour. Bot. 30: 745-763. f. 7—7. 
D 1943 [Ja 1944]. 

Kligman, A. M. & Penny, J. 8. Some miscellaneous diseases of mushrooms. 
Phytopathology 33: 1090-1094. f. 7. N 1943. 

Kreitlow, K W. Ustilago striaformis II. Temperature as a factor influencing 
development of smutted plants of Poa pratensis L. and germination of fresh 
chlamydospores. Phytopathology 33: 1055-1062. /. 7. N 1943. 

Lorson, R. H. A foliar mottle and necrosis in Chippewa potatoes associated with 
infection by a strain of the potato X virus. Phytopathology 33: 1216, 
1217. D 1943 [Ja 1944]. 

Leach, J. G. A Clulo, G. Association between Xematospora phasteoli antf the 
green stinkbug. Phytopathology 33: 1209-1211. T> 1943. [Ja 1944], 

Lindegren, C. C. A Lindegren, G. Segregation, mutation, and copulation in 
Saccharomyces cerevisiae. Ann. Mo. Bot. Gard. 30: 453-468. pi. 15-17 + f. 
7, £. N 1943. • 

Long, W. H. A Stouffler, D. J. Studies in the Gasteromycetes—IX. The genus 
Itajahya in North America. Mycologia 35: 620-628. f. 1-10. N-l) 1943.- 

McKinney, H. H. A Clayton, E. E. Acute and chronic symptoms in tobacco 
mosaic. Phytopathology 33: 1045-1054. /. 1-4. N 1943. 

Mader, E. O. Effect of mineral nutrition on flower production of own-rooted 
roses and the incidence of black-spot. Phytopathology 33: 1185-1189. 
D 1943 [Ja 1944]. 

Mader, E. O. Some factors inhibiting the fructification and production of the 
cultivated mushroom, Agaricus campestris L. Phytopathology 33: 1134- 
1144. D 1943 [Ja 1944]. 

Marchlon&tto, J. B. El manchedo de los granos de arroz y los bongos quo lo 
acompafian. Rev. Arg. Agron. 10: 114-116. pi. 4. Je 1943. 

Meyer, 8. L. Ascomycetes from Mountain Lake, Virginia. I. Jour. Tenn. Acad. 
28: 325-333. O 1943. 

Nemeth, F. F. Insect galls of West Virginia. IT. Galls on Solif1ago 9 f'rajinus, 
Acer, Cornus, Vaccinium , Sosa and Vitis . Castanea 8: 123-127. pi. 3. 
N-D 1943 [Ja 1944]. 

Perez-Llano, G. A. Lichens—Their biological and economic significance. Bot. 
Rev. 10: 1-65. Ja 1944. 

Pine, L. A hitherto unreported disease of the Washington palm. Phytopathol¬ 
ogy 33: 1201-1204. /. 7. D 1943 [Ja 1944]. , 

Reed, G. M. Melanopsichium onJPolygonum aviculare. Mycologia 35: 654, 655. 
N-D 1943. 

Richards, B. L. A Burkholder, W. H. A new mosaic disease of beans. Phyto¬ 
pathology 33: 1215, 1216. D 1943 [Ja 1944]. 
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Rieman, G. H. A McFarl&ne, J. S. Severe potato late-blight infection in Sebago 
tubers. Phytopathology 33: 1104-1106. f.l. N 1943. 

Roth, L. F. A Riker, A. J. Life history and distribution of Pythium and Bhizoc- 
tonia in relation to damping-off of red pine seedlings. Jour. Agr. Bes. 
67: 129-148. /. 7, 2. 15 Au 1943. 

Smith, 0. O. A Cochran, L. 0. A noninfectious heritable leaf-spot and shot-hole 
disease of the Beaty plum. Phytopathology 33: 1101-1103. /. 1. N 1943. 

Smith, O. F. Bhizoctonia root canker of Alfalfa ( Medicago sativa ). Phytopa¬ 
thology 33: 1081-1085. /. 7. N 1943. 

Smith, T. E. Distribution of bacterial wilt ( Bacterium solanacearum) in suc¬ 
cessive crops of tobacco grown in the same fields. Phytopathology 33: 
1076-1080././. N 1943. 

Snieszko, S. F. A Bonde, R. Studies on the morphology, physiology, serology, 
longevity, and pathogenicity of Coryncbacterium xcpedonicmn . Phytopa¬ 
thology 33: 1032-1044. pi 1. N 1943. 

Solheim, W. G. % Mycoflora saximontanensis exsiccata. Univ. Wyo. Publ. 10: 
33-46. 1 Jl 1943. 

Stevenson, J. i^. Fungi novi denominate—I. Mycologia 35: 629-637. N-D 

• 1943. 

Swingle, R. U., Tilford, P. E. A Irish, C. F. A graft transmissible mosaic of 
American elm. Phytopathology 33: 1196-1200. f. 1-3. D 1943 [Ja 1944]. 

Taylor, J. W. A Harlan, H. V. Agronomic smut. .Tour. Hered. 34: 309, 510. 
O 1943 [Ja 1944]. 

Wang, C. S. Studies on cytology of VnUlago crameri. Phytopathology 33: 1122- 
1133. pi l,X. + f. /. D 1943 (Ja 1944]. 

Waterman, A. M. Diplodia pinea , the cause of a disease of hard pines. Phyto¬ 
pathology 33: 1018-1031. /. 1. N 1943. 

Weraham, O. C. A Chilton, St. J. P. Typhula snowmold of pasture grasses. 
Phytopathology 33: 1157-1165. I) 1943 [Ja 1944]. 

Young, E. L. Studies on Labyrinlhula , the etiologic agent of the wasting disease 
of eel-grass. Am. Jour. Hot. 30: 586-593. /. 7, 2. O [18 N] 1943. 

Zaumeyer, W. J. A Harter, L. L. Two new virus diseases of beans. Jour. Agr. 
Res. 67: 305-328. f. 1-3. 15 O 1943. 

Zeller, S. M. The genus Longia . Mycologia 35: 655. N-D 1943. 

ECOLOGY AND PLANT GEOGRAPHY 

Albertson, F. W. Prairie studies in west-central Kansas, 1942. Trans. Kansas 
Acad. 46: 81-84. |I)] 1943. 

Beath, O. A. Toxic vegetation growing on the Salt Wash sandstone member of 
the Morrison Formation. Am. Jour. Bot. 30: 698-707. f. 1-7. N [2D] 1943. 

Beetle, A. A. Phytogeography of Patagonia. Bot. Rev. 9: 667-679. D 1943. 

Brown, H. R. Growth and seed yields of native plants in various habitats of the 
mixed prairie. Trans. Kansas Acad. 46: 87-99. [D] 1943. 

Dansereau, P. L^rabliere Laurentiennc. 1. Valeur d’indiee des esptoes. Contr. 
Inst. Bot. Montreal 45: 66-93. 1943. 

Davis, J. H. The ecology of the vegetation and topography of the sand keys of 
Florida. Pap. Tortugas Lab. 33: 113-195. pi 7-7 +/. 1-13. [Carnegie Inst. 
Publ. 524] 23 D 1943. 

Frazier, J. O. Nature and rate of development of root system of Lepidium 
draba. Bot. Gaz. 105: 244-250. f. 1-5 . D 1943 [11 Ja 1944]. 
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Riegel, D. A. A source of study of blue grama grass and the effect of different 
treatments on establishing stands of grass under field conditions at Hays, 
Kansas. Trans. Kansas Acad. 4: 102-109. 1 pi. [D] 1943. 

Kosangnrtt, B. La estructura el pastoreo de las praderas en la region de Palleros. 

Estudios sobre Praderas Nat. Urguay 3: 1-120. /. 1-71 . 1943. 

Boss, M. R. The weeds in certain fields at Knapp farm. Jour. Terin., Acad. 28: 
334-349. /. 1-5 . 0 1943. 

Bouzseau, J. Les rhizoconcrStions argileuses et les balles sabtfes. Contr. Inst. 
Bot. Montreal 44: 43-51. /. 1-7. 1942. 

Seifrlz, W. The plant life of Cuba. Ecol, Monog. 13: 375-426. f. 1-64. O [D] 
1943. 

Stehld, H. La vegetation muscinale des Antilles franchises et son interet dans la 
valerisation sylvicole. Carib. Forester 6: 20-43. O [D] 1943. 

Weaver, J. E. Replacement of true prairie by mixed prairie in eastern Nebraska 
and Kansas. Ecology 24: 423-434. /. 1-10. O 1943. 

PALEOBOTANY 

(See also under Morphology: Erdtman) 

Andrews, H. W. Contributions to our knowledge of American carboniferous 
floras. VI. Certain filieinean fructifications. Ann. Mo. Bot. Gard.* 30: 429- 
442. pi. 10-14. -f /. 1. N 1943. 

Andrews, H. N. On the vascular anatomy of the cyeadeoid cone axis. Ann. Mo. 
Bot. Gard. 30: 421-427. pi. 6-9. N 1943. 

Benningholf, W. 8. Preliminary report on a coal ball flora from Indiana. Proc. 

Indiana Acad. 52: 62-68. pi. 1 [Ja 1944]. 

Deevey, E. 8. Additional pollen analyses from southern New England. Am. 

Jour. Sci. 241: 717-752. /. 1-16. D 1943; 

Hansen, H. P. Post-Pleistocene forest succession in northern Idaho. Am. Midi. 
Nat. 30: 796-802. N 1943 [Ja 1944]. 

Potzger, J. E. Pollen profile from sediments of an extinct lake in Hendricks 
County, Indiana marks time of drainage. Proc. Indiana Acad. 62: 83-86. 
[Ja 1944]. 

Wilson, L T. ft Potzger, J. E. Pollen study of sediments from Douglas Lake, 
Cheboygan County and Middle Fish, Montmorency County, Michigan. Proc. 
Indiana Acad. 52: 87-92. [Ja 1944.] 

GENERAL BOTANY 
(including biography) 

Alden, B. R ft lift, J. D. Early naturalists in the Far West. Occ. Pap. CJa^. 
Acad. 20: 1-59. illust. 30 Ap 1943. 

Anderson, E. A Barlow, B. H. The maize tribute of Moctezuma’s empire. Ann. 

Mo. Bot. Gard. 30: 413-419. pi 5.+f. I, 2. N 1943. 

Bertram, W. Travels in Georgia and Florida, 1773-74, a report to Dr. John 
Fothergill, annotated by Dr. John Fothergill. Trans. Am. Philos. Sov. NS 
33: 121-242. pi. 1-26. N 1943. 

B[enedlct], R. O. Dr. C. Stuart Gager. Am. Fern Jour. 33:* 143, 144. O-D [15 
D] 1943. 

Boivin, B. Quelques noms'vernaculaires de plantes du Quebec. Contr. Inst. 
Bot. UniV. Montreal 44: 3-9. 1942. 

Browne, O. A. Thomas Jefferson and the scientific trends of his time* ' thron. 
Bot. 8: 1-63. iUuatr. N 1943. 
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C. STUART GAGER 
December 23, 1872—August 9, 1943 

George M. Heed and Arthur H. Graves 1 

Charles Stuart Gager, the son of Charles Carroll and Leora Josephine 
(Darke) Gager, was born at Norwich, N. Y., where he spent his boyhood and 
obtained his elementary education in the local public schools. In the fall of 
1891 he attended Syracuse University, graduating with the A.B. degree in 
1895. During his senior year he served as undergraduate laboratory assistant 
in the Department of Biology, which was in charge of Dr. Charles W. 
Hargitt. 

Following his graduation from Syracuse University, Dr. Gager was for 
one year (1895-189(i) Vice Principal of the Ives Seminary, Antwerp, N. Y. 
The next year (1896-1897) he attended the New York State Normal College, 
Albany, N. Y., and obtained the two degrees, Bachelor and Master of 
Pedagogy. In the fall of 1897 he became Professor of Biological Sciences and 
Physiography at this institution, holding the position until September, 1904. 
During this period, however, he attended the Harvard Summer School in 
1898, served as Assistant in Botany at Cornell University (1901-1902), and 
Instructor in Botany during the summer of 1904. He was Laboratory Assis¬ 
tant at the New York Botanical Garden (1904-1905), and in the spring of 
1905 he was Acting Professor of Botany at Rutgers College, N. J. In the 
fall of 1905 he was teacher of Botany in the Morris High School, N. Y. He 
also taught Botany in the summer sessions of New York University in 1905 
and 1906. He obtained his degree of Doctor of Philosophy at Cornell Univer¬ 
sity in 1902, carrying on his research under the direction of Professor George 
F. Atkinson, his doctoral thesis being concerned with “The Development of 
the Polliniuin and Sperm-Cells in Asclcpias Cor nut i Deeaisne.” 

On February 1, 1906, Dr. Gager became Director of the Laboratories at 
the New York Botanical Garden, succeeding Dr. Daniel Trembly MacDougal, 
and holding this position until August, 1908. While at the Garden he devoted 
himself largely to research, making a special study of the effects of the rays 
of radium on plants. The results of his investigations were published in 1908 
as a Memoir of the New York Botanical Garden. His interest in this subject 
continued throughout his life. He cooperated in 1927 with Dr. A. F. Blakes- 
lee on the use of rays of radium for inducing chromosome and gene muta¬ 
tions in Datura . As recently as 1936 he prepared a chapter, “The Effects 

1 The portrait of Dr. Gager is published at the expense of the Lucien M. Underwood 
Memorial Fund. 
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of Radium Rays on Plants, A Brief Resume of the More Important Papers 
from 1901 to 1932/ 7 which was published in Biological Effects of Radiation, 
edited by Professor B. M. Duggar. Also, while he was at the New York 
Botanical Garden he was occupied with his translation of DeVries 7 work on 
Intracellular Pangenesis, which he published in 1910. 

Beginning in September, 1908, for two years Dr. Gager was Professor 
of Botany at the University of Missouri, serving as Administrative Chair¬ 
man of the department. He was in charge of the general course in botany, 
also teaching advanced courses in physiology and morphology. A large num¬ 
ber of students registered for the general course at the University, mostly 
freshmen or sophomores in the College of Agriculture or the College of Arts 
and Sciences. His teaching experience during these two years led him to the 
preparation of his text book The Fundamentals of Botany, published in 1916. 
Accompanying this text A Laboratory Outline in General Botany was pub¬ 
lished, the first edition appearing in 1916, the second in 1919, and the third 
in 1926. He further contributed to botanical text books by publishing, in 
1926, his General Botany with Special Reference to Its Economic Aspects. 

On the first of July, 1910, Dr. Gager took up the work as Director of the 
newly established Brooklyn Botanic Garden, and for more than thirty-three 
years guided its destinies. During the earlier years he was closely associated 
with Mr. Alfred T. White, who is recognized as the “Father 77 of the Garden, 
and was the chief inspiration and support in the founding and early 
development. 

Dr. Gager thought of a botanic garden as something quite different from 
the traditional type. His motto for the Brooklyn Botanic Garden was “For 
the Service of the City and the Advancement of Botany, 77 and to him this 
ideal meant beautiful grounds with displays of both botanical and popular 
value and interest, botanical research, and public education, all of which are 
reflected in the historj* and development of the Brooklyn Botanic Garden. 
He laid particular emphasis upon the possibilities of botanical education as 
an important part of a botanic garden 7 s activities. This led to the establish¬ 
ment of the curatorship of Public Instruction in 1912, and in 1913 an in- 
structorship in this department with special supervision of the educational 
work for children, this phase being separated in 1916 as the Department of 
Elementary Instruction. The educational work with children is one of the 
outstanding features of the Garden’s activities, for which it is widely and 
favorably known. 

Further, Dr. Gager thought of a botanic garden as an outdoor museum 
of living plants. He strongly emphasized not only the botanical aspects, but 
the horticultural as well, stressing 4he value of building up horticultural 
collections. Thus, in the course of time, special features —Gardens Within a 
Garden —were developed. One of the earliest was the establishment of the 



1944 J 


REED AND GRAVES: C. STUART GAGER 


195 


Local Flora, an area set aside for growing native plants that are found 
within one hundred miles of New York City. The Japanese Landscape 
Garden was first opened to the public on June 5, 1915, and the Rock Garden 
in the spring of 1917. The Children’s Gardens, together with the Children’s 
House were completed for use in 1916. The Rose Garden was opened to the 
public in 1927, and the Herb Garden and Medicinal Plant Garden were 
established in 1938. 

When Dr. Gager first came to Brooklyn he had a small office space in the 
Academy of Music and, later, in the Brooklyn Museum building. In the fall 
of 1913 the first section of the Laboratory Building, consisting of only a 
small portion of the south end of the present structure, together with the 
adjacent conservatories, was completed for occupancy by the staff. It was 
not until the spring of 1917 that the rest of the building was completed, 
being formally dedicated on April 19-21, the ceremonies being attended by 
many eminent botanists, who presented formal papers on the occasion. 

Dr. Gager displayed a broad interest in botanical and horticultural 
affairs and was an active member of many societies. He was a member of the 
Botanical Society of America (President, 1936), The Torrey Botanical Club 
(Secretary 1905-1908, Vice President, 1917-1931, President 1942), the New 
York Academy of Sciences (Corresponding Secretary 1941), the Society of 
Experimental Biology and Medicine, American Society of Naturalists, 
American Society of Biological Chemists, Ecological Society of America, the 
Genetics Society of America, Fellow of the A.A.A.S. (Vice President and 
Chairman of Section G in 1917), the Horticultural Society of New York 
(served on the Board of Directors since 1928, and Vice Chairman since 
1937). He was made an honorary life member of the Pennsylvania Horti¬ 
cultural Society in 1934, the School Garden Association of America, the 
Royal New Zealand Institute of Horticulture (1940), and the Royal Agri¬ 
cultural and Horticultural Society of India (1941). He was a member of 
Phi Beta Kappa and Sigma Xi. Among special honors that Dr. Gager re¬ 
ceived was the Arthur Hoyt Scott gold medal and cash award for outstand¬ 
ing achievement in the field of horticulture in 1941. In 1920 Syracuse Uni¬ 
versity conferred on him the honorary degree of Doctor of Science, and in 
1921 the New York State College for Teachers, the degree of Doctor of 
Pedagogy. 

Dr. Gager served on many important committees, dealing more particu¬ 
larly with horticultural affairs. Among others, the Committee on Plant 
Quarantines and their Administration, the Committee on Botanical Exhibits 
for the World’s Fair at Chicago in 1933, Sub-committee on Scope and Func¬ 
tion of the Planning Committee on U. S. Botanic Gardens, Washington, 
D. C. (1934r-1936), and the Committee of the International Flower Show 
(1932-). He also served on the New Jersey Federation of Shade Tree Com- 
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missions (1934r-), and the Board of Directors, American Association of 
Botanical Gardens and Arboretums (1940-). 

His diversified interests were evidenced by his activities on the Brooklyn 
Civic Council, the Park Association of New York City, and the National 
Institute of Social Sciences, of which he was Vice President (1928-1931), 
President (1932-1935), and again Vice President (1935-). He was an active 
member and Ruling Elder of the Reformed Protestant Dutch Church of 
Flatbush. He was a member of the Century Association, Twentieth Century 
Club (President 1933-1935), the Winter’s Night Club, and the Rembrandt 
Club. 

He took an active part in the founding and carrying on of botanical 
journals for the publication of scientific results. He was the first Business 
Manager of the American Journal of Botany , founded in 1914, continuing 
until 1935, during which time twenty-two volumes were published. He also 
served as Business Manager for Ecology from its founding in 1920, and for 
Genetics since 1922. 

In 1910, soon after coming to the Garden, Dr. Gager accompanied Dr. 
and Mrs. N. L. Britton on a trip to Cuba. In 1927 he was in Europe for 
several months, visiting particularly France and Italy. This visit was pri¬ 
marily for the purpose of gathering data on the European Botanic Gardens, 
since he was then engaged in the preparation of The Botanic Gardens of the 
World, the first edition of this work being published in 1937 and the second 
in 1938. In 1930 he attended the Fifth International Botanical Congress in 
Cambridge, England, again visiting botanical gardens in several European 
ettuntries. 

On June 25,1902, Dr. Gager married Bertha Woodward Bagg of Rensse¬ 
laer, N. Y., who was of invaluable assistance to him throughout his career 
because of her tact, charm, and wise counsel. They had two children, Benja¬ 
min Stuart, who was born on January 10, 1904, and died March 31, 1918, 
and Prudence, now Mrs. Kenneth G. Bucklin. 

Dr. Gager was much sought after as a speaker for popular addresses on 
botanical or horticultural subjects. He had a very attractive personality, a 
pleasing manner in his addresses, and always gave a clear and interesting 
presentation of his subject. 

A selected list of the writings of C. Stuart Gager 

In addition to many reviews and papers chiefly on matters of horticultural and peda¬ 
gogical interest, Dr. Gager, as editor of the Brooklyn Botanic Garden Record, wrote many 
short articles about matters relating to the Brooklyn Botanic Garden, and, each year, an 
extensive report of the activities of the-Garden. A list of these published writings would 
contain more than 300 titles. We have, therefore, gathered together and arranged in 
chronological order the following selected list of those papers which we believe are of 
special importance for botanical science. 
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The development of the pollinium and sperm-cells in Asclepias Cornuti Decaisne. A thesis 
submitted to the university faculty of Cornell University for the degree of Doctor of 
Philosophy, June, 1902. (Also Ann. Bot. 16: 123-148. 7 pi. Mr 1902.) 

Preliminary notes on the effects of radium rays on plants. (Roc. for experimental biol. and 
medicine. Proceedings reported by the Secretary, W. J. (lies. May 24, 1905, p. 14.) 
Also Am. Medicine 9 25 : 1030. 1905. 

Tuber-formation in Solarium tuberosum in daylight. Torreya 6: 181-180. S 1906. 
Further note on the formation of aerial tubers in Solarium. Torreya 6: 211, 212. 25 O 
1906. 

The breathing of plants. Jour. N. Y. Bot. Gard. 8: 143-156. J1 1907. 

Radium in biological research. Science 25: 589-590. 12 Ap 1907. 

Effects of the rays o* radium on plants. Mem. N. Y. Bot. Gard. 4. 278 p. 14 pi. 1908. 
Some physiological effects of radium rays. Am. Nat. 42: 761-778. 17 f. 1908. 

The influence of radium rays on a few life processes of plants. (Contr. Dept. Bot. Univ. 

Missouri no. 16.) Pop. Sci. Mo. 74: 222-232. 1909. 

A laboratory outline for general botany. 90 p. Columbia, Mo. 1909. 

Radium rays and plant life processes. Rci. Am. Suppl. 57 ] " ys : 264-265. 13 f. 1909. 
Vries, Hugo de. Intracellular paugenesis including a paper on fertilization and hybridiza¬ 
tion. Transl. from the German by C. Stuart Gager. 270 p. Open Court Publ. Co., Chi¬ 
cago. O 1910. 

The Brooklyn Botanic Garden. Jour. N. V. Bot. Gard. 11: 190-191. Au 1910. 

The educational work of botanic gardens. Cyclopedia of Education, pp. 421-425. The 
MacMillan Co., New York. 1911. Also in Jour. N. Y. Bot. Gard. 12: 73-85. 1911. 
Reissued separately as Brooklyn Bot. Gard. Contr. no. 1. 

The purpose of an introductory com sc in botany. Proc. 24th Ann. Convention Assoc. Coll. 
& Prep. Schools of Middle States & Maryland. 1910: 58-65. 1911. Reissued as Brook¬ 
lyn Bot. Gard. Contr. no. 2. 

Cryptomeric inheritance in (hnujra. Bull. Torrey Club 38: 461-471. pi. 30. 31. O 1911. 

Reissued as Brooklyn Bot. Gard. Contr. no. 3. 

The Brooklyn Botanic Garden. Pop. Sci. Mo. 80: 338-345. Ap 1912. 

The first botanic garden on Long Island. Brooklyn Bot. Gard. Record 1: 97-99. O 1912. 
Ingrowing sprouts of Salamim tuberosum. Bot. Gaz. 54: 515-524. D 1912. Reissued as 
Brooklyn Bot. Gard. Contr. no. 5. 

The opening of buds. Brooklyn Bot. Gard. Leafl. I 2 : Ap 1913. 

The pollination of pines. Brooklyn Bot. Gard. Leafl. l r *: My 1913. 

Botanic Garden. In: L. II. Bailey, The Standard Cyclopedia of Horticulture 1: 526-532. 
1914. 

The translocation of material in dying leaves. Science 41: 99-104. 15 Ja 1915. 

Present status of the problem of the effect of radium rays on plant life. Mem. N. Y. 
Bot. Gard. 6: 153-160. 31 Au 1916. 

Fundamentals of botany, xx + 640 p. 434 f. P. Blakiston’s Son & Co., Philadelphia. 1916. 
A laboratory guide for general botany, viii+191 p. P. Blakiston’s Ron & Co. t Philadel¬ 
phia. 17 N 1916. 

Ideals and opportunities for a botanic garden. Brooklyn Bot. Gard. Record 6: 121-130. 
J1 1917. 

Forest problems of the Ashokan watershed. Brooklyn Bot. Gard. Leafl. flia-ia; iq o 1917. 
The near future of botany in America. Science 47: 101-115. 1 Fe 1918. 

A brief history of the botanic garden idea in Brooklyn. Brooklyn Bot. Gard. Record 7: 
99-112. O 1918. 



200 


BULLETIN OF THE TORREY CLUB 


[Vol. 71 



Fig. 1. A, deliquescent ascus abortion of Neurospora trtrasperma. All ascf were 
homozygous, dd. B, indurated aborted ascus. An effect induced by cultural conditions, 
and not heritable as such. More highly magnified. C, germination of an abnormal 
ascospore of the kind rarely developed in asci homozygous for dd. Germination here 
is from a point; beneath the spore. D, Growth from or i ‘ germination 9 ' of an indurated 
aborted ascus. Note the spherical enlargements from which secondary growth has pro¬ 
ceeded. Such enlargements are always present when ascospores germinate. E, same as 
1) except for the location of one of the points from which growth has proceeded. In 
neither .case is there germination by way of the ring-pore at the ascus tip. 








1044] 


DODGE AND APPEL: NEUROSPORA 


201 


quently abort without spore formation. 8 In {his case there is a fourth nuclear 
division which follows very quickly the third division and this upsets the 
normal course of events so that no spores w T hatever are formed in such asci 
(fig. 1, B). These asci with 16 nuclei very often become heavily indurated 
and take on markings characteristic of the ascospores themselves. In the pa¬ 
per referred to it was indicated that indurated ascus abortion may be due 
either to heritable genetic factors or to certain cultural environmental con¬ 
ditions. In either case the aborted asci have the same appearance and 
nuclear behavior is much the same, that is, a fourth nuclear division occurs 
immediately following the third. 



Fkj. 12. Diagrams allowing nuclear behavior in three types of asei of Xeurospora 
tetrasperma. The reduction divisions and the third division which is always eqnational 
are not figured, in this respect the picture is the same for all three types. A, in a 
normal asms four spores are delimited after the third division, two nuclei of opposite 
sex being included in each spore. As soon as the spores are fully delimited a fourth 
division occurs so that there are then sixteen nuclei present in the spore complement 
of each ascus. D, deliquescent ascus abortion. The eight nuclei move toward the center 
of the ascus and begin to degenerate. In No. (5 nuclear degeneration is complete. C, in¬ 
durated ascus abortion. A fourth nuclear division follows very quickly the third division, 
not allowing time for spore formation. Such asy often become heavily indurated, as 
shown at C 10 and in Figure 1, B. 


Dodge and Reaver 3 4 described an interesting case where homozygous asci 
((Id), which would ordinarily abort and deliquesce, under certain cultural 
conditions all became indurated. In other matings many heterozygous asci 


3 Dodge, B. O. A lethal for ascus abortion in Neurospora . Mycologia 26: 360-376. 
1934. 

4 Dodge, B. O. & Seaver, Bernice. The combined effects of the dominant and the 
recessive lethals for ascus abortion in Neurospora. Am. Jour. Bot. 25: 156-166. 1938. 
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(Dd) for the most part became indurated, while others did delimit some 
ascospores. Later some of the indurated asci were placed on the surface of 
agar in Petri dishes under conditions suitable for growth. It was found that 
hyphal growth seemed to occur from the under side of a few asci, but no 
growth could be seen from the pore located at the tip end of such as ascus. 
It was not possible to determine whether or not this growth may have pro¬ 
ceeded from conidia which may have been accidentally carried over when 
the asci were isolated. On other occasions the same experiment was per¬ 
formed with the same results; no positive proof, however, that the indurated 
ascus actually “ germinated ’ 9 was obtained. 

In our recent , experiments on heterocaryotic vigor it was very difficult to 
determine positively whether or not a general heterocaryotic condition had 
been obtained when certain races were grown together in mixed culture. It 
was believed that such mixed cultures might produce some ascocarps, even 
though no general heterocaryotic condition had been reached through 
anastomoses followed by nuclear migrations. Fertilization could well occur 
through conidiation or spermatization. In these breeding experiments in 
which each of the two races mated carried the recessive lethal d, it was 
found that if the culture medium was a certain potato dextrose, homozygous 
asci (dd) not only aborted, but also frequently became indurated. Having in 
mind the previous experiments in which such asci gave indications of germi¬ 
nating, we carried out carefully controlled experiments for proving def¬ 
initely that such indurated asci could be made to germinate. We are using 
this term ii germinate ’ 9 perhaps in a rather strained sense, since the term 
has usually been applied, in discussing the fungi, to spores which are send¬ 
ing out germ-tubes. We say sclerotia and bulbils germinate, however. In¬ 
durated asci are certainly not spores, even though they may have a striately 
marked wall like that of ascospores. 

By growing our races Ad and ad 5 together on a potato dextrose agar we 
were able to prevent, in certain cultures, the degeneration of the eight nuclei 

5 A and a are the sex reaction factors, both of which must be present before an 
ascus will form. In addition to the recessive, d, there will naturally be other factors 
present; some will be brought along in one raw, while the second race in the mating 
will carry the same or other factors or their alleles. There would be little point in 
breeding two races which differ only in their sex reaction factors. In the breeding ex¬ 
periments under discussion the fusion nucleus will be homozygous for some factors and 
heterozygous for others, but we are here concerned with only A , a, and d, factors for 
sex reaction and factors for homozygous ascus abortion, ignoring for the present the 
factors involved in heterocaryotic effects. We also assume here that there are 10 nuclei 
present in an indurated aborted ascus. Sixteen nuclei would result from four divisions, 
but some of these nuclei may degenerate; or there may be a fifth division, but it would 
be necessary to have cytological evidence for this statement. Normally, regardless of 
whether we have an eight-spoied ascus like those of N, crassa, or a four-spored ascus 
like those of N. tetra&perma, there are in all the spores taken together, 10 nuclei. It 
is only in the ehrly stages of spore germination that additional nuclear divisions occur. 
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in some asci, so that a fourth division must have occurred. We assume this 
is what happened because the aborted asci became indurated. In such asci 
the 16 nuclei do not degenerate, at least not for some time. 

A number of these indurated asci were carefully isolated and placed on 
the surface of water agar in plates. They were then heated to 58-60° C for 
one hour. This treatment will kill all conidia which are in contact with a 
moist surface. It was found that in no case were conidia which survived the 
heating carried over in the process of isolating the asci. Therefore, whenever 
hyphal branches appeared to be emerging from beneath or from the side of 
an indurated aseus we were certain that it was the ascus, not contaminating 
conidia, that was the source of the growth. There is usually a vesicle or 
spherical enlargement of the germ tube from which secondary tubes proceed 
in two or three directions before they branch (fig. 1, D, E). If an indurated 
ascus can really germinate we should naturally expect the germ-tube to 
proceed from the pore at the ascus tip. 

We do not know the exact cultural conditions which may lead to an in¬ 
durated ascus abortion which is not heritable. Ziekler u found that by treat¬ 
ing the cultures with chloral hydrate he could induce the formation of giant 
ascospores which would nevertheless germinate. He figures what he also calls 
giant spores which completely fill the ascus..These are certainly not spores; 
they are indurated aborted asci. He does not mention that he obtained out¬ 
growths from such asci. When an ascus contains only a single giant spore, 
the spore does not completely fill the ascus; there is always some epiplasm 
left outside the spore. Dodge, in his plate 3, figs. B and F, 7 illustrates very 
clearly the difference between an ascus with one giant spore, and an in¬ 
durated ascus. 

On the other hand, there are some facts which support the view that an 
indurated ascus is nothing more than a giant aseospore. (1) The wall of 
such an ascus is beautifully striated, like that of an aseospore of Ncurospora. 
(2) There is a definite ring-pore at the upper end of the ascus. Ascospores 
have definite germ pores at either end. (3) When an ascus germinates there 
develops the very characteristic spherical enlargement of the germ-tube 
soon after it emerges. Such vesicles do not occur when a conidium germi¬ 
nates or when a hyphal cell or fragment sprouts out; they are formed only 
when ascospores germinate. (4) Heat treatment stimulates indurated ascus 
germination the same as it does ascospores. 

In addition to the reasons given previously in favor of the view that the 
ascus is a definite morphological unit regardless of how it may function 
abnormally, it may be said that the striations on ascospores are laid down 

* ! Ziekler, H. Pber kiinstliche erzenguug von Miktohaplonten ver Askomyzeten. Biol. 
Cent rail). 61: 540-540. 1931. 

7 See footnote 2. 
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from the cytoplasm, no doubt as influenced by genes, now carried in the 
nuclei of the spore, now carried in the 16 nuclei distributed in the cyto¬ 
plasm of the indurated ascus. All asci of Neurospora have an elastic ring- 
pore at the apex. This is a mechanism which has a function in the violent 
discharge of the ascospores. 

Cultures obtained from indurated asci which were homozygous dd gave 
perithecia with asci which in turn, especially on corn meal agar, showed the 
deliquescent type of abortion. This proved that the factors A, a for sex 
reaction, as well as the recessive lethal d factor had been passed on to the 
fi races, now heterocaryotic because they had arisen through outgrowths 
from a heterocaryotic ascus. We have attempted to induce the deliquescing 
type of aborted asci to “germinate,” but as yet with no success. Theoret¬ 
ically they could not do this because their eight nuclei have already gone 
through the first stages of degeneration. The sixteen nuclei in an indurated 
ascus persist for some time. 

As noted in a previous paper 8 such an ascus does occasionally delimit a 
few abnormal spores on spore-like bodies. Some asci from our recent mat¬ 
ings of new races, each carrying the lethal d , at times did cut out rather 
abnormal-looking spores. We have found that some of them can be germi¬ 
nated (fig. 1, C). Cultures from such ascospores usually produced aseocarps, 
which always had aborted asci. Such ascospores would be perfectly satis¬ 
factory for analyzing the genetic factors represented in an ascus, provided 
one obtained three or four bisexual spores from the same ascus. It is be¬ 
lieved, however, that one could more certainly obtain all the inheritance or 
component nuclei resulting from reduction by working with an indurated 
ascus. In either case the final step in continuing the breeding experiment 
would be to separate out the individual component f, races either by plating 
out conidia or microconidia, or by isolating single hyphal tips. 

The senior author some years ago, while working with cultures of 
Pezizella Lythri, found that one could obtain “germination” or growth 
from the penultimate cell of the ascus crosier. Where this occurred one could 
see plainly that the young ascus was just beginning to develop. Since 
nuclear fusion occurs very early, or before the ascus elongates to any extent, 
it may be that we were seeing germination of a cell which was still diploid ! 
Or it may be that reduction was occurring at germination, a sort of rever¬ 
sion to a primitive type in which the zygote reduces at germination. More 
likely, however, nuclear fusion had not yet taken place. Miss Angie Beck¬ 
with, who undertook to continue this work, later reported personally that 
she obtained what seemed to be perfectly normal mycelia from such pro¬ 
liferating ascus cells or primordia, and that normal conidia were later 
developed in her cultures! 9 

« See footnote 1. 

» Unpublished work. 
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The particular importance of this kind of germination is that it results 
in the production of heterocaryotic inycelia. We find in recent literature the 
statement that a dicaryotic cell of a rust or of a mushroom is in fact diploid 
because the genes carried in each of its two haploid nuclei operate just as 
the3 r would if they were included in the same nuclear membrane. The au¬ 
thors of such statements should realize that when the two haploid nuclei of 
a rust dicaryon fuse, so that all their genes are included within the same 
membrane, a mature teliospore results. When the two haploid nuclei in the 
mushroom dicaryon fuse so that their complementary genes are now within 
the same membrane, a basidium is formed. So it is clear that the manifesta¬ 
tions of genes carried in the haploid nuclei of a dicaryon cannot possibly 
be the same as they are when drawn together within the same membrane of 
a diploid nucleus. What we should emphasize and insist on is that when the 
vegetative structure of a fungus contains two or more kinds of haploid 
nuclei, the effect, physiologically and morphologically, is the resultant of 
the combined, or the complementary, effects of all the genes working in the 
same cytoplasm. Complementary genes may be located in the same haploid 
nuclus or in two different haploid nuclei in the same cytoplasm. In such 
case we can say without fear of contradiction that it does not make any 
difference whether these genes are in the same nuclear membrane or not, 10 
so long as we do not bring them together through a nuclear fusion. This is 
quite different from saying that a dicaryotic cell, because it contains two 
haploid nuclei, is diploid, and that it can be heterozygous or homozygous as 
the case may be. It is still a dicaryotic cell, and it can be heterocaryotic or 
homocaryotic as the case may be. 

It remains to discover just what cultural conditions result in indurated 
asciis abortion, without the intervention of the dominant lethal 1. Some such 
method as that described by Zickler would be effective; or it may be that 
high temperatures during certain critical stages in the development of the 
asci would yield the same result. This is a problem requiring a more ex¬ 
tensive study, but it will be worth while if one wishes to pursue either 
morphological, physiological, or genetical studies on heterocaryotic struc¬ 
tures of Neurospora . 

SUMMARY 

Asci of types of Neurospora tetrasperma homozygous for dd abort and 
usually deliquesce without ascospore formation. This fact prevents breeding 
beyond the first (F,) asci if both parents in the matings carry this recessive 
lethal, d. Deliquescent asciis abortion is due to the degeneration of the 
eight nuclei without spore delimitation. Certain cultural or other environ- 

10 Dodge, B. O. Heterocaryotic Vigor in Neurospora. Bull. Torrey Club 69: 75-91. 
1942. Reports from Recipients of Grants from the Research Funds. Year Book Am. 
Phil. Soc. 148-150. 1942. 
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mental conditions may, however, prevent nuclear degeneration, with the 
further result that a fourth division occurs. The ascus with 16 nuclei is 
marked by a thickened, brown, and striated ascus wall. Such asci resemble 
somewhat giant ascospores. When they are heated to 60° C for one hour, 
many of them will germinate. A way is thus provided for breeding genera¬ 
tion after generation with the recovery of all the different types of nuclei 
coming from each mating even though the asci regularly abort. Occasionally 
in certain races a homozygous ascus (dd) does cut out one or two abnormal 
spores. Such spores can also be germinated, but one is not sure of recovering 
all four possible types of nuclei from stn ascus. 

The New York Botanical Garden 
New York 
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STUDIES IN DREPANOCLADUS—I. 1 

History, Morphology, Phylogeny, and Variation 

Frances E. Wynne 

HISTORICAL ACCOUNT OF THE GENUS 

Although the name Drepanocladus was not proposed until 1851, several 
of the species included were described under Hypnum by Hedwig and 
previous workers. It is therefore necessary to trace the concept of the 
genus Drepanocladus from the beginning of bryological nomenclature. 

In his fundamental work, Species Muscorum, Hedwig (1801), included 
only three of the species now placed in Drepanocladus—Hypnum aduncum, 
H. fluitans and H. uncinatum. Turner (1804) in his Spicilegium considered 
these three and added Hypnum revolvens . Bridel (1812), in the second 
supplement of Muscologia Recent iorum, added Hypnum lycopodioides. 

As early as 1827 the species of Hypnum with unicostate, falcate-secund 
leaves were recognized as a unit and, in this Bryologia Uni versa, Bridel 
(1827) segregated them under the heading, which may be interpreted as a 
section, “Adunci.” In this work he placed 65 of the species of Hypnum in 
the subgenus Stercodon; 8 of these are included under “Adunci.” He does 
not state that Stercodon is a subgenus but it is not numbered in the series 
with the genera so cannot be considered a genus. That he was familiar with 
the concept of the subgenus is evidenced by the statement in the preface: 
“Sic genus Campylopns melius instituimus, speciebus omnibus quae ca- 
lyptra mitriformi utuntur ab illo detractis et in genus novum nobis 
Dryptodon dictum quodque Grimmium tanquam subgenus continuat, con- 
flatis.” The species included under “Adunci” are Hypnum Stercodon 
aduncus, fluitans, uncinatus , lycopodioides , and scorpiokles with three other 
species still in Hypnum and one species now in Hylocomium. 

In his Synopsis Muscorum, Muller (1851) further segregated these 
species into section Mallaeodium and created the name Drepanocladus for 
the subsection which included H. riparium (now in Leptodictyum ), H. un¬ 
cinatum, H. fluitans, H. aduncum , H. revolvens, and H. paradoxum. 

The first monographic treatment of the present species of Drepanocladus 
appeared in the Bryologia Europaea (1854, 1866) where the group was 
treated as Section VII of Hypnum under the descriptive heading: “Caulis 
erectus vel prostratus, folia falcato-secunda, unicostata.” To the species 
earlier considered were added H. cxannulatum in the monograph and H. 

1 This is the first of a series of four articles on Drepanocladus; the others will ap¬ 
pear in Brittonia, The American Midland Naturalist, and The Bryologist. 
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Cossoni, H . Sendtneri, and H. vernicosum (described first in 1861 by 
Lindberg) in the first supplement. Our present species Drepanocladus 
Kneiffii appeared first in the Bryologia Europaea under the genus 
Amblystegium . All the species are described with the completeness and 
accuracy and illustrated with the beauty characteristic of the Bryologia 
Europaea . 

Bridel’s recognition of the group “Adunci” was followed by subsequent 
workers in Hypnum . In The Musei and Hcpaticac of the United States 
Sullivant (1856) proposed the subgenus Harpidium to include essentially 
the same species, namely, Hypnum aduncum, H. uncinatum, H. revolvens, 
and H. fluitans. Schimper, in his two editions of Synopsis Museorum 
Europaeorum (1860, 1876) placed in the subgenus Harpidium Hypnum 
Kneiffii, H. aduncum, H. lycopodioides , H. cxannnlatum, H. fluitans, H. 
revolvens, H. uncinatum (in ed. 1), and H. vernicosum, H. Cossoni, H. 
Sendtneri, H. hamifolium , H. pseudostramineum, and H. Molendoanum 
(in ed. 2). 

De Notaris (1838) in his Syllabus Museorum included H. scorpioides , 
H. lycopodioides , H. aduncum, H. fluitans, and H . uncinatum with several 
other species of Hypnum in Section “ Adunca” of Hypnum . However in his 
Bryologia Italiana (1869) he transferred the following species to Amblyste - 
gium II Macrophylla (which included also several present species of 
Amblystegium and Hypnum): //. Rotae, H. lycopodioides , H. Sendtneti 
H. revolvens, H. fluitans, H. uncinatum, H. exannulatum , and H. Kneiffii , f 

Hartman and LindBerg, in Hartman’s Skandinaviens Flora (ed. 5, 1849; 
ed 8, 1861; andjed. 9, 1864) proposed the new species Hypnum badium , 
H. vernicosufn, ^and H. intermedium but did not add, in their floristic 
troitaients, anything new to the concept of the group as a whole. 

/By 1869 the concept of the genus Drepanocladus as we know it today 
wajPwell defined and most of our present species had been described. The 
process until this time had been to describe the species and to group them 
according to their relationships. Beginning in 1880 with Sanio’s work a 
tendency developed to split this small group of species into many species, 
subspecies, varieties, and forms. The present genus Drepanocladus was 
shifted from Amblystegium to Hypnum and back again several times during 
this period. 

Carl Sanio, in numerous papers from 1880-1887, treated the group as 
the subgenus Harpidium of Hypnum. 2 His classification, following a 

2 CVmeri'f'tio //' rp'^ih pi roprei* Pot. fVutr lM. ?fS0 (Beilnge 2): 

1-24. 1880. Additamentum in Ilypni adund cognitioncm. But. Central})!. 5(3): 93-95. 
1881. Additamentum secundum in Harpidiomm cognitionem. But. Centralbl. 13(13): 
425-440. 1883. Beschriebuug 'der Harpidien, welehe vornehmlich von Dr. Arnell wahrend . 
der Sell wed ischen Expedition nach gibieien im Jahre 1876 gesammelt wunlen. 8v. 
Vet.-Akad. HandL 10(1): 1-62. 1885. Bryologische Fragments. Hedwigia 26: 99-109; 
129-169; 194-214. 1887. 
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typographically complicated system of Greek and Roman letters and 
numerals, indentations, asterisks, and daggers, is obscure and difficult to 
interpret. He described many new species, varieties, and forms, and gave 
formal recognition to every possible minor habitat variation. Although some 
of his descriptions are long and detailed, others are extremely meager and 
all are without definite measurements of any kind. Fortunately, most of his 
names have never been used for American plants, and so they need not be 
included in the synonymy here. 

Boulay’s treatment of Section Harpidium of Hypnum in Muscinees de la 
France (1884) was original and complete and the best monographic treat¬ 
ment of the group since the Bryologia Europaea. He collected the many 
scattered references to numerous species which had been proposed in the 
journals and pamphlets between 1886 and 1884 and put the material into 
workable form. His work is good because of its full detailed descriptions, 
excellent habitat notes, and comments on diagnostic features and relation¬ 
ships. With each revision of the group, more varieties appeared, and Boulay, 
no exception, proposed numerous new ones to add to the already long list. 

Renauld’s greatest contribution to the concept of the genus Dre- 
panocJadus was his indication of a variety or forma “typicum” for 
Hypnum aduncum , II. fluilans , and H. revolrcns. Previously, no one had 
ever indicated the concept of a “typical” plant, which was rapidly being 
lost in the maze of varieties. I think it is safe to say that the modern concept 
of the genus begins with Renauld’s work. His revision of Section Harpidium 
of Hypnum in Husnot’s Muscologia Oallica (1894), supplemented by his 
numerous smaller papers, 11 is extremely useful; as much for its notes of 
habit and relationships and its illustrations as for its taxonomic revision. 
His use of the ambiguous category “groupe” and “sous-groupe” often 
makes his nomenclature and classification obscure. Renauld retained many 
of Sanio\s and Boulay’s names and created many new, inadecpiately 
described varieties and forms. 

Between 1875 and 1918 numerous local floras included treatments of the 
present genus Drepanocladus. In Berggren’s Musci ci Ilcpaiicae S))ctsber - 
(jcnsrs (1875) several new varieties were proposed for these species, which he 
included under Hypnum. Lange and Jensen (1887) in their treatment of 
Harpidium in Conspectus Florae Orgnlandicae gave full generic recognition 
to what had previously been a subdivision of Hypnum. The group, with 
new species, was included with Amblystegium by Lindberg and Arnell 
(1890) in Musci Asiac Borealis and Arnell "and Jensen (1907) in Die Moose 
dcs Sarckgebietes. However, Brylin (1906) in reporting the bryophvtes of 

•'* Classification svstematique <1e la auction Uarpidium du genre Hypnum de la flore 
frangaise. Rev. Bry. 8: 73-82. 1881. Causerie sur les Harpidi-a. Rev. Brv. 33: 89-100. 
1900; 34: 7-14. 1907. Notes sur quelques Drepanocladus . Rev. Bry. 36: i29-138. 1909; 
37: 29-34. 1910. 



210 


BULLETIN OF THE TORREY CLUB 


[VOL. 71 


the second expedition of the “Fram 77 and Hesselbo (1918), in The 
Bryophyta of Iceland, both considered the species in Hypnum. 

The American publications of this period (Lesquereux and James 7 
Manual of the Mosses of North America (1884) and Kindberg in Macoun’s 
Catalogue of Canadian Plants (1892)) treated the group as the subgenus 
Harpidium of Hypnum. 

Limpricht (1897-1898) in Die Lauhmoose Deutschlands , Oeslerreichs , 
und der Schweiz, includes 19 species in Hypnum, subgenus Drcpanocladus, 
with full descriptions and measurements, and detailed distribution notes. 
Although every species is not illustrated, the pictures provided are clear 
and helpful. 

Although Muller is responsible for the name Drcpanocladus, Warn- 
storf, in his article “Die Europaischen Harpidien 77 was the first to use it 
as a genus and make the combinations. 4 His article is important, because of 
its comprehensive treatment which includes many new combinations as well 
as a historical survey of the literature, a general discussion of the relation¬ 
ships of the species, a key to the species, descriptions, arid the distribution. 
Warnstorf (1906) followed his excellent and useful monograph with an 
equally fine treatment of Drcpanocladus in Kryptogamen flora der Mark 
Brandenburg. His keys-and descriptions are complete and detailed but of 
his 24 species, only 7 can be recognized as valid species; the remainder of 
his names have been reduced to either varieties or symonyms. Not only did 
he divide the genus into many species, but also he included innumerable 
varieties for each species. He, like Boulav, Renaukl, and Limpricht, was 
a “splitter.’ 7 

Roth (1905) in Die Europaischen Lauhmoose treats 22 species of 
Drcpanocladus with full descriptions, citations, and references. His treat¬ 
ment resembles Warnstorf's in that over half of his species are today 
recognized as merely varieties or habitat phases. 

Loeske 5 in an article “Drepanocladus, eine biologisehe Mischgattung 77 
discussed the morphology of the group and its relationship to closely 
related genera and proposed the following names as genera. Although he 
indicated the species to be included, his new genera are nomina nuda, since 
he gave no descriptions of them. 

1. Sanionia — uncinata, orthothecioides, contigua. 

2. Limprichtia — vernicosa, intermedia , rci'olvens. 

3. Warnstorfia — exannulata , orthophylla 9 tundrae, purpurasccns, 

fiuitans and varieties. 

4. Drepanocladus — aduncus and varieties. 

5. Pseudocalliergon — turgescens, trifarium, longicuspis. 

6. Scorpidium — scorpidioides. 

4 Beih. Bot. Centralbl. 13: 338-430: 1903. 

•*» Hedwigip, 46: 300-321. 1907. 
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In his Studien zur vergleichenden Morphologie und phylogenetischen 
Systematik der Laubmoose (1910) he discusses these groups in more detail 
and supplements his statements of relationships among the species in the 
group. However, his names are still without generic descriptions. 

Monkemeyer’s treatments of Drepanocladus in Pascher’s Siisswasser- 
Flora (1914, 1931) and in Die Laubmoose Europas (1927) initiated the 
present tendency to reduce the number of species in the genus. There is no 
essential difference among his three publications; each includes the same 
eight species with keys, illustrations, and descriptions. Although he de¬ 
creased the number of species, he included a large number of varieties and 
forms under each. 

Brotherus, in 4 ‘Die Laubmoose Fennoskandias ,, (1923) and in Die 
natiirlichen Pftanzenfamilien (1925) adopted Monkemeyer’s policy of re¬ 
ducing the number of species and followed in large part his arrangement 
of varieties and forms. He used Loeske’s proposed genera as sections and 
added section Pseudo-Drcpanocladus for Hypnum badium Hartman. 

Although writing as late as 1924, in The Student’s Handbook of British 
Mosses, Dixon still included the species of Drepanocladus in Hypnum , 
subgenus Harpidiurn. His treatment follows Renauld’s monograph with 
slight differences. The comments on distinguishing features, inter-specific 
and inter-varietal relationships, and habitats are his most valuable con¬ 
tribution. 

The most recent treatment of Drepanocladus is Grout’s in Moss Flora 
of North America (1931). As he states in his introduction, he has based 
his work on Renauld’s and Monkemeyer’s published monographs and on 
their identified specimens. 

As has been seen from the preceding synopsis, the concept of the genus 
Drepanocladus developed in Europe and most of the type localities are 
European. Because most of the species were described before the type con¬ 
cept was developed, types have never been designated. Under present 
world conditions it has been impossible to borrow material from Europe. 
However, the concept of the species has been so well developed in European 
and American literature and American herbaria that it has been possible to 
interpret American material from the descriptions, illustrations, and 
specimens. Because of the impossibility of studying European types and 
herbarium material, I have been forced to confine the scope of this mono¬ 
graph to North America. Therefore, only American material and names 
have been included; names which have never been used for American plants 
have not been considered. 

MORPHOLOGY 

Habit. The variability of Drepanocladus in habit, branching, and size 
depends largely on habitat conditions. Drepanocladus uncinatus , which most 
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frequently creeps over the ground, logs, or rocks, is irregularly or regularly 
pinnately branched. The stems of D. aduncus when growing among grass 
or reeds in swamps and marshes are creeping and fastigiately or irregularly 
pinnately branched. Submerged, floating stems are usually long, but may 
be either simple or regularly pinnately branched. Large, plumose fronds 
result when the stems are pinnate in the aquatic phase of D. aduncus, 
D. fluitans, or D. exannulatus. D. uncinatus var. subjulaceus , D. exannu- 
latus, D . brevifolius, and D. badius often grow 5-8 cm. high, their stems 
erect, and simple or fastigiately branched. In bogs, D. vernieosus, D . 
revolvens, D . aduncus , D. fluitans , and D. exannulatus grow suberect in 
tufts and are fastigiately or irregularly pinnately branched. Sudden 
changes in environmental conditions may produce several long branch 
innovations near the tips of the stems. 

Color. Although color is variable in Drepanocladus , it is reasonably 
characteristic for each species. D. uncinatus is from shining golden to yel¬ 
low-green; D. vernieosus is light yellow-green; D. aduncus is from yellow- 
green to grass-green; D. fluitans is from dull vellow-green to brown; 1). 
exannulatus is from crimson to red or purple; D. revolvens is from green to 
deep red or black and has a metallic sheen; D. brevifolius , D. badius , and 
D. lycopodioides are deep golden at the growing tips and brown or black 
below. 

Stems. The apical buds of stems and branches are always pointed and 
are usually falcate-secund (except in D. aduncus var. Kncifjii and depauper¬ 
ate forms of D. exannulatus). However, in Drepanocladus , the apical buds 
are never cuspidate as is characteristic in the closely related genus, 
j Calliergon. 

The stems of Drepanocladus generally lack paraphvllia and radicles. 
Pseudoparaphvllia are produced in the axils of the branches of D. unci¬ 
natus. Some plants of D. fluitans and D. badius produce radicles from the 
apex, base, margin, or costa of the leaves. 

The stems of all the specios of Drepanocladus (except D. vernieosus in 
which the central strand is lacking) show in cross section a small central 
strand of 3-6 cells embedded in a loose ground tissue. The 2-3 rows of 
cortical cells may or may not be incrassate or colored. The outer layer of 
cortical cells of D. revolvens is enlarged. Stems vary in diameter from 
2-6 mm. 

Leaves. Although the leaves of Drepanocladus are typically falcate, 
and may further be strongly and regularly circinate (/>. uncinatus and D. 
revolvens ), they are straight in D. aduncus var. Kncifjii and the short-celled 
environmental phases of D. fluitans and D. exannulatus. In submerged 
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plants the curvature of the leaves is decreased and the acuminations are 
long, lax, and twisted. The strongly falcate leaves of D. aduncus, D . fluitans, 
and D . exannulatus are channelled at the apex, whereas the straight leaves 
of some of their varieties have a flat apex. 

The leaves of Drepanocladus range from strongly and regularly plicate, 
through irregularly plicate and striate, to completely plane. D. uncinatus 
is the only species of the genus with strongly regularly plicate leaves; the 
plications are distinctive because each fold extends continuously from the 
base of the leaf to the apex. The leaves of D. vernicosus are plicate only in 
the broadened basal part, with the apex flat. Forms of other species (D. 
exannulatus, D. fluitans, and D. aduncus) may become irregularly striate 
or sulcate in response to certain environmental conditions. This and similar 
characters, resulting from habitat conditions, are usually not constant on 
any plant. In the other species, D. revolvers , I), lycopodioides , D. badius, 
and D. brevifolius , the leaves arc not folded in any way; they are plane or 
concave. 

The shape of the leaves of Drepanocladus varies from broadly oval to 
linear-lanceolate. Leaves of small plants of D. aduncus are broadly ovate; 
leaves of D. aduncus var. Kneiffii , D. badius , 1). lycopodioides , D. brevifolius, 
D. fluitans, and D. exannulatus are broadly lanceolate; leaves of D. exannu¬ 
latus and aquatic plants of D. aduncus are long lanceolate; leaves of aquatic 
plants of D. fluitans are linear-lanceolate. 

The acumination may be short and abrupt or long and gradual. Half 
the length of the leaf of D. uncinatus is the long, subulate acumen. The 
acumination of D. vernicosus is abrupt and broad. The leaf of D. revolvcns 
is gradually narrowed until within 0.3-0.5 mm. of the apex where it is rap¬ 
idly narrowed to a filiform point. Forms with ovate or broadly lanceolate 
leaves are usually abruptly short-acuminate whereas forms with long- 
lanceolate or linear-lanceolate leaves are gradually long-acuminate. In 
general, long leaves with long acuminations are produced by complete 
submergence. 

The leaves of all the species of Drepanocladus clasp the stem, and are 
erect rather than spreading. The alar region of the leaf may or may not be 
decurrent. As a result of variation in decurrency, the line of insertion of the 
leaf varies from truncate, through broadly or narrowly concave to circular. 
The alar cells of D. aduncus are decurrent, therefore the base of the leaves 
is always concave. Whether the line of insertion is widely or narrowly con¬ 
cave depends upon the width of the leaf at the base, the diameter of the 
stem, and the degree of deeurrenee of the alar cells. Since the alar cells of 
D. fluitans and D. exannulatus are not decurrent, the base of the leaf is 
truncate. The few quadrate alar cells of Z>. uncinatus are slightly decurrent, 
thus forming a shallowly concave line of insertion seen when the leaves are 



214 


BULLETIN OF THE TORREY CLUB 


[VOL. 71 


removed from the stem. Leaves of D. revolvens, D. badius, D . vernicosus, D. 
brevifolius, and 2 >. lycopodioides with quadrate cells across the entire base 
are always truncate. 

The margin of the leaves of D . aduncus, D. vernicosus, D . revolvens, D . 
lycopodioides, D. badius, and 2). brevifolius is entire or sinuolate at the base. 
The leaf margins of D. exannulatus and D. fluitans are serrulate at the base 
or apex or both. The long subulate acumination of Z>. uncinatus is distinctly 
serrulate while the base is entire or only slightly serrulate. Whether the 
serrulations are distant or close depends upon the length of the cells. 

Costa, The leaf costa or nerve of Drepanocladus is almost universally 
single, not forking or double (except in D. fluitans var. Berggrenii) ; it 
varies in length and width. In depauperate forms of 2>. aduncus and D. 
fluitans it is short (1/3-1/4 the length of the leaf) and weak (12-20 p in 
diameter at base). In D. vernicosus , D. uncinatus, D. revolvens, D. exannu¬ 
latus, and D. fluitans it is long (1/2—5/6 the length of the leaf) and strong 
(40-80 jj wide at the base). In D. aduncus var. capillifolius and D. exannu¬ 
latus var. Rotae the costa is long-excurrent and 80-150 p wide at the base, 
and usually deeply colored. Submerged plants of D. aduncus and D. exannu¬ 
latus may develop a wide, deeply colored costa. In all species of Drepano¬ 
cladus, including the varieties with excurrent costa, it is tapering. 

The cells of the costa are narrowly linear, and usually longer than the 
cells of the lamina of the leaf. With the exception of D. vernicosus, the 
costa as seen in cross-section is biconvex with a small central strand. The 
costa of D. vernicosus, like the stem, has no central strand. 

Areolation. The leaf cells of Drepanocladus are narrowly linear, with 
the, exception of certain habitat phases of Z>. aduncus, D. fluitans, and D. 
exannulatus, in which the median leaf cells are oblong (4-6 p X 28-32 p). 
Cells are longest in D. fluitans and D. exannulatus (4-6 p X 60-100 p) and 
shorter in Z>. aduncus, D. revolvens, D . vernicosus, and D. uncinatus. In 
general the cells are uniform in size and shape throughout the leaf, being 
only slighter shorter and broader toward the base in D. aduncus. 

The cell walls are thin in D. aduncus, D. fluitans, D. uncinatus and Z). 
vernicosus. In some plants of D. exannulatus and D. aduncus the walls of 
basal and alar cells are deeply colored. Basal cells of D. revolvens and D. 
lycopodioides are pitted, whereas all cell walls in D. badius and D. brevifo¬ 
lius are porose. In D. revolvans only the basal cell walls are incrassate; in 
D. badius and D . lycopodioides all cell walls are incrassate and deeply col¬ 
ored brown or red. 

The alar cells of Drepanocladus may be large and inflated, small and 
quadrate, hyaline or colored, thin-walled or incrassate, entire or porose, or 
any combination of these. In D. dduncus the alar cells are inflated and 
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hyaline, forming distinct auricles extending 1/4-1/3 the distance from the 
margin to the costa. Only in extremely robust submerged plants are the 
basal and alar cells colored in D. aduncus. In B. fluitans the alar cells are 
slightly inflated and extend 1/4-1/3 the distance from the margin to the 
costa. The alar cells of D. erannulatus are always large, but may be thin- 
walled or incrassate, hyaline or colored, and form either large triangular 
groups extending to the costa or a single row of elongated cells across the 
entire base. The alar cells of B. badius are inflated, incrassate, and porose. 
D. uncinatus has a small group of quadrate, hyaline alar cells. The alar cells 
of B. vernicosus, B. revolvens, B. lycopodioides, and Z>. brevifolius are not 
differentiated at the basal angles, although there are two or more rows of 
shorter cells (hyaline and thin-walled in B. vernicosus; incrassate, porose, 
and colored in B. rvolvens) across the entire base of the leaf. In general, if 
the alar cells are large and inflated they are thin-walled; and if they are 
incrassate they are smaller. 

The incrassate cell walls between any two basal cells of B. revolvens are 
4 n thick, usually with 1-3 pits. The two secondary cell walls between two 
alar cells are 4—8 [\ thick in B. revolvens, B. badius, and B. lycopodioides. 

Alar cells differ not only in their size and shape but also in their spatial 
relationship with the other cells of the leaf. The alar cells of B. aduncus and 
B. fluitans intergrade completely with the cells of the lamina of the leaf and 
the transition is imperceptible. However, in B. aduncus the alar cells are 
ventricose and oriented in a different plane from the other leaf cells so that 
the alar cells are sharply delimited from the cells of the lamina. The alar 
cells of B. erannulatus and B. fluitans are never ventricose nor placed at an 
angle. B. erannulatus , unlike B. fluitans, shows an abrupt transition from 
the alar cells to the cells of the lamina so that the alar region is sharply 
delimited by the size of the cells. 

When leaves of B. fluitans, B. erannulatus , and B. adu?icus are removed 
from the stems, usually some of the cortical stem cells remain attached to 
the base of the leaves as long ‘ 4 tails .’’ This does not occur so often in B. 
vernicosus , B. uncinatus , B. revolvens, B. badius, B. brevifolius, or B. 
lycopodioides. One of the differences distinguishing B. aduncus from B. 
fluitans and B. erannulatus is the transition from the stem cells to the leaf 
cells; in B. aduncus it. is gradual, whereas in B. fluitans and B. erannulatus 
it is abrupt. 

Perichaetium. In all species of Brepanocladus the perichaetium sheaths 
the base of the seta. The outer perichaetial leaves are spreading, from ovate 
to broad-lanceolate, and either ecostate or with a short costa. The inner 
perichaetial leaves are costate, long-lanceolate, and from gradually or 
abruptly acuminate to piliform. The perichaetial leaves of B. uncinatus, like 
the vegetative leaves, are regularly and strongly plicate and serrulate at the 
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apex. In other species, the perichaetial leaves are smooth or irregularly 
striate, and entire or serrulate. 

Perigonial leaves. The perigonial leaves of all species of Drepano¬ 
cladus are similar. They are ovate, abruptly short-acuminate, with a short 
costa or ecostate, serrulate or entire. 

Sporophyte. The capsule and peristome of Drepanocladus are typically 
Hypnaceous. With the exception of the erect symmetric capsule of D. 
uncinatus var. symmetricus , the capsule of all species is asymmetric and 
curved; it may be plicate or smooth. The exothecial cells are smooth or 
mamillose. The operculum is rostrate or apiculate, attached in all species 
(except D. fluitans and D. cxannulatus) by a persistent annulus of 2-3 
rows of cells. The peristome is perfect, that is, with sixteen teeth and six¬ 
teen segments and alternating cilia. The sixteen teeth are transversely 
thickened and longitudinally striate. The segments of the inner peristome 
are longitudinally striate with 2-3 cilia. 

PHYLOGENY 

Drepanocladus belongs to the subfamily Amblystegieae, which includes 
all the Hypnaceae which have a single costa and a long areuate-cylindric 
capsule. 

Generic relationships. Drepanocladus is most closely related to Scorpi- 
dium; in fact, the relationship is so close that they have been grouped to¬ 
gether by many brvologists. One species of Scorpidium is recognized today— 
8. scorpioides. Milde placed it in the subgenus Harpidium with the present 
species of Drepanocladus, and Warnstorf 7 called it Drepanocladus scor¬ 
pioides. Scorpidium has all the characteristics of the genus Drepanocladus 
except that the leaf apex is obtuse or apiculate and the costa is faint, short 
and double, or lacking. To the naked eye, the two genera are so similar that 
Scorpidium scorpioides resembles a very large Drepanocladus. 

Although Calliergon differs from Drepanocladus in its straight leaves 
and rounded or cucullate apices, the close relationship between the two 
genera is shown not only in their similarity of areolation and costa, but also 
by their parallel series of species. The same modifications of alar cells, cell 
walls, costae, and leaves that separate the species of Drepanocladus likewise 
distinguish the species of Calliergon. The two genera occur in the same 
range and in the same types of habitats and are often found associated. 

Coiliergidium, intermediate between Drepanocladus and Calliergon , 
seems to be an artificial genus. One of its species, C. pseudostramineum , is 

« Bryologia silesiaca. p. 350. 1S69. 

7 Kryptogamen-Flora der Mark Brandenburg und angrenzender Gibiete. 2: 1027. 
1906. 
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so closely related to Drepanocladus that Warnstorf 8 and Brotherus 9 have 
considered it a form of D. fluitans. Grout 10 has considered the erect and 
straight leaves with blunt apices sufficiently distinctive to separate C. 
pseudostramineum from Drepanocladus. In general habit, the plants named 
D. pseudostramincum I have seen have resembled Calliergon more than 
Drepanocladus. Further collections of these two species, will, I believe, 
dispense with this artificial genus and place its species in Drepanocladus 
and Calliergon. 

In a phylogenetic arrangement, Drepanocladus and Calliergon form a 
related species-complex to which the other members of the subfamily are 
less closely allied. 

The species of Hygrohypnum with falcate, acuminate leaves and a single 
costa superficially resemble the species of Drepanocladus. However, the 
species with straight, blunt leaves and short, double costae are never con¬ 
fused with Drepanocladus. Furthermore, Hygrohypnum, Hygroamhlyste - 
gium, and Leptodictyum grow most frequently in running water, whereas 
Drepanocladus occurs usually in still water. Hygrohypnum is so variable 
and heterogeneous a group that it is difficult to determine its relationship 
to other genera. 

Cratoneuron , in spite of its falcate leaves, decurrent alar cells, and 
single costa, is distinctive from Drepanocladus because of its numerous 
paraphyllia. It is the only genus in the subfamily which has developed 
paraphyllia and it therefore holds a unique place in the phylogeny of the 
Amblystegieae. 

Hygroamblystegium is separated primarily from Amhlystegium on the 
basis of its aquatic habitat. On the same basis it is more closely allied to and 
more often confused with Drepanocladus than is Amhlystegium. However, 
any similarity between Hygroamblystegium and Drepanocladus is only 
superficial, for the robust habit, erect-spreading, noil-falcate leaves, and 
thick-walled rhomboidal leaf cells distinguish Hygroamhlystegium. 

Leptodictyum , like Hygroamhlystegium , resembles Drepanocladus only 
superficially in its aquatic habitat. The leaves are never falcate, but are al¬ 
ways erect or erect-spreading, and the alar cells are never inflated. These 
characters distinguish species of Leptodictyum from Drepanocladus 
aduncus var. Kneiffii, the only Drepanocladus to which it shows any simi¬ 
larity. 

Plants of Amhlystegium or Campylium with falcate leaves are sometimes 
confused with small plants of Drepanocladus. Campylium , with its typically 
squarrose-recurved, broadly ovate or lanceolate leaves, is unlike any species 
or variety of Drepanocladus. Amhlystegium is distinct in its short leaf cells, 
erect-spreading leaves, and quadrate or only slightly inflated alar cells. 

8 L.c., p. 1040. 

o Pie Laubmoose Fcnnoskandias 1: 479. 1923. 

Moss flora of North America north of Mexico 3(2): 100. 1931. 



218 


BULLETIN OF THE TORREY CLUB 


[VOL. 71 


Interspecific relationships. The origin of the species of any group is a 
speculative but nevertheless an interesting and significant problem. From 
the comparative morphology of the species of Drepanocladus, it is possible 
to deduce the relationships and to postulate the origin of the species of the 
genus. 

Two general trends of development in the genus have been (1) the pro¬ 
duction of inflated cells, and (2) the production of alar cells which are not 
inflated, but which may be differentiated in other ways (see figure 1). 



Drepanocladus aduncus , D. flu it am , and D. exannulatus have inflated 
alar cells and are obviously closely related. An early ancestor must have 
furnished to all three species the inflated alar cells, and thin cell walls 
which are not pitted. Subsequent segregation of traits gave rise to (1) D. 
aduncus with entire margins and a gradual transition from the cortical 
stem cells to the leaf cells, and to (2) D. fluitans and D. exannulatus with 
serrulate margins and an abrupt transition from cells of the stem to the cells 
of the leaf, and the annulus lacking on the capsule. Further evolution has 
segregated D. fluitans with its delicate habit and its poorly developed alar 
cells which intergrade completely with the cells of the lamina, and D. 
exannulatus with its robust habit and its well developed, clearly delimited 
alar cells extending across the entire base of the leaf. 

Development of the three species, D. fluitans, D. exannulatus, and D. 
aduncus must have been parallel, because the series of varieties in each is 
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similar. These three species respond to the same environmental conditions 
with the same modifications. Each species when growing submerged produces 
longer stems, longer leaves at greater intervals on the stems, longer leaf 
cells, and regular pinnate branching. Each species also produces a short- 
celled, short-leaved phase when it grows in certain unfavorable conditions. 
Although the variety with an excurrent costa is lacking in D. fluitans, it is 
present in both D. aduncus (var. capillifolius) and D. exannulatus (var. 
Rotae). D. aduncus, unlike D. fluitans and D. exannulatus, produces a va¬ 
riety with straight leaves (var. Kneiffii). 

The other evolutionary trend, the production of alar cells which are not 
inflated, gave rise by various combinations of characters to the other species 
of the genus. Any postulation of the order in which these forms were pro¬ 
duced would be pure speculation. D. vernicosus, D. rcvolvcns, D. brevifolius, 
and D. lycopodioidcs are similar in the absence of any differentiated cells at 
the basal angles of the leaf, and in the presence of several rows of dif¬ 
ferentiated cells across the entire leaf base. D. vernicosus, the only species 
in the genus without a central strand, is distinct in its stem structure, and 
in its characteristically plicate and abruptly acuminate leaves with thin- 
walled cells. 

Drcpanocladus rcvolvcns and D. lycopodioidcs may have developed from 
the same stock. D. rcvolvcns has only the basal cells incrassate and pitted, 
whereas, in D. lycopodioidcs, all the cell walls are incrassate with the basal 
cell walls very thick and porose. The tendency toward incrassate, porose cell 
Avails, partially developed in D. rcvolvcns, is intensified in D. lycopodioidcs . 
The two species differ slightly in stem structure; the outer layer of cortical 
cells in 1). rc volvcns is enlarged, whereas all the cortical cells are of the 
same size in D. lycopodioidcs. In habit and leaf shape the two species are 
similar except that D. lycopodioidcs is larger and more robust than D. 
rcvolvcns. 

Drcpanocladus brevifolius and D. badius developed the same cell-wall 
modifications to produce plants in which all the leaf cells are porose. In D. 
brevifolius the cell walls are uniform in thickness and not, or only slightly, 
incrassate, whereas in D. badius all cell walls are incrassate with the basal 
cells especially strongly thickened. There are minor differences between the 
two species in the alar cells: in D. brevifolius there are no differentiated alar 
cells, but some leaves have a row of slightly inflated cells across the inser¬ 
tion of the leaf; D. badius always has some differentiated cells, either at the 
basal angles or across the entire base of the leaf. 

Drcpanocladus uncinatus is so distinct from all the other species of the 
genus that it seems probable that it developed along a separate line from 
the other members of the group. It has neither the inflated alar cells of D. 
aduncus, D. fluitans, or D. exannulatus , nor has it the basal row of dif- 
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ferentiated cells characteristic of D. vernicosus, D. revolvers, and D. lyco- 
podioides. Instead, a group of quadrate alar cells is always present. The 
regular, long plications and the long, subulate, serrulate acumen are char¬ 
acteristic of Z>. uncinatus . Not only is D. uncinatus distinctive in its 
diagnostic features, but also in its habitat. It is the only species of 
Drepanocladus which is xerophytie or mesophytie rather than hydrophytic. 
In fact, D. uncinatus is so distinct that Loeske created the genus Sanionia 
for D. uncinatus and its varieties (see above). 

Prom D . uncinatus developed the var. symmetricus with erect sym¬ 
metric capsules but otherwise with the gametophvtic characters of the 
species; this variety is restricted in its range to the western part of North 
and South America. 


VARIATION IN DREPANOCLADUS 

The species of Drepanocladus are well defined and have been known for 
a long time. On the other hand, the many forms and varieties which have 
been proposed for some of the species have been poorly defined and trou¬ 
blesome for taxonomists. I believe that lack of understanding of the varia¬ 
tion in the genus is responsible for the taxonomic dilemma which confronts 
bryologists working in it. 

Variation is of two sorts: that which is initiated by environment and 
that which is based on heredity. Botanists have confused these two types of 
variation in many groups of plants, including Drepanocladus. 

American bryologists have recognized that species of Drepanocladus 
respond to changes in environment to a startling degree. Grout 11 states: 
“In 1929, in a pond not far from Cold Spring Harbor, was collected 
Drejmnocladus fluitans gracilis. In 1931, when the water was low, there was 
a;vigorous emergent growth, the upper leaves of which were typical D. 
fluitans Jeanbernati, while the lower leaves, grown apparently while sub¬ 
merged, w T ere those of var. gracilis. On some of the shoots were leaves 
nearly typical of D. fluitans proper. This seems to show’ that in Drepano¬ 
cladus, at least, habitat conditions modify structure profoundly.” Oonard 12 
investigated the same pond in 1933 and 1934 and found the same conditions 
to exist: “In wet seasons this moss is the var. gracilis , but in dry seasons it 
becomes var. Jeanbernati. 99 I have not recognized these two so-called 
varieties, J eanbernati and gracilis , because they, along with many others, 
are merely environmental fluctuations. 

Sporophyte characters are of little value in determining species of 
Drepanocladus. With the exception of D. fluitans and D. esannulatus which 
have no annulus on the capsule, and D. uncinatus var. symmetricus which 

n Miscellaneous notes on mosses. Bryologist 36: 25, 26. 1933. 

1* The plant associations of Cental Long Island—A study in descriptive plant 
sociology. Am. Mid. Nat. 16: 433—516. 1935. 
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has an erect instead of cernuous capsule, the sporophytes of all species of 
Drepanocladus are identical. Gametophyte characters, therefore, must be 
used for classification and identification. Great variation in habit, color, 
branching, leaves, costae, and areolation has led to the publication of many 
varietal and formal names for extreme plants produced by extreme environ¬ 
mental conditions. Because the most variable species of Drepanocladus, D. 
aduneus, D. fluitans, and D. exannulatus, have, responded to different en¬ 
vironments with similar modifications, a long series of variety and form 
names have been proposed for each of the species. Most of these subspecific 
names were first proposed under Hypnum; many of them were never trans¬ 
ferred to Drepanocladus. Submerged plants of D. aduneus have been called 
var. aquaticum , la xifolium, pseudo fluitans, and laxum; of D. fluitans, var. 
submersion; of D. exannulatus , var. longifolium. Small forms of these three 
species have been given variety and form names such as gracilescens , tenue, 
attenuatum , filiforme, brevifolium , tenellum, condensatum , and abbrevia¬ 
tion. Deeply colored plants have been called var. purpurascens . Short-celled 
leaves have been called polyearpon and brachy diet yon. Every possible en¬ 
vironmental variation has been named. 

When the true nature of variation in Drepanocladus is understood, it is 
possible to eliminate these innumerable varieties which cannot be described 
nor recognized. The result of such a procedure is that only a few subspecific 
names remain and these are varieties which are hereditary. 

In spite of the fact that bryologists have long recognized that much of 
the variation in Drepanocladus was due to environmental conditions, no 
attempt has heretofore been made to restrict varieties to hereditary varia¬ 
tion. T have given varietal rank only to those variations which appear to be 
hereditary; environmental fluctuations have been discussed so that they 
may be recognized as such, but will not be included in the formal taxonomy. 
When a character is constant in all parts of a plant, regardless of environ¬ 
ment, it is apparent that its uniformity is the result of fundamental genetic 
factors. When a certain character differs on different parts of the same 
plant—for instance, leaves from different parts of the stem—it is obviously 
influenced by environmental conditions. 

Field and herbarium studies were made to determine which characters 
were modified by changes in the environment and which remained constant 
through a changing environment. It was discovered that genetic factors 
determined (1) whether the costa was excurrent or short and (2) whether 
the leaves were falcate or straight. Combinations of these two hereditary 
characters produce three varieties in D. aduneus: var. typicus with falcate 
leaves and a short costa; var. Knciflii with straight leaves and a short costa; 
and var. capillifolius with falcate leaves and an excurrent costa. In D. exan¬ 
nulatus the leaves are always falcate but the length of the costa varies. 
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Therefore I have recognized var. $ypicus with a short costa and falcate 
leaves and var. Rotae with an excurrent costa and falcate leaves. 

Other characters, such as cell size and leaf length, are influenced by the 
environment and may vary on the same plant. In D. aduncus, D . ftuitans, 
and D. exannulatus two habitat phases result from this type of variation: 
(1) short leaves and broad, oblong-linear cells; and (2) long, flexuose, 
widely-spaced leaves and long-linear cells. These phases may be found on 
the same plant, and they may be produced on any of the varieties. Leaves 
on the lower, and submerged portion of the stem of any of these species may 
be the aquatic phase (2) while the upper, emergent part of the same stem 
may be either typical or short-celled (1). However, if the lower, submerged 
leaves have an excurrent costa, the upper ones will have an excurrent costa 
also, though the cells may be different. Therefore, since the costa is the con¬ 
stant character, it is apparent that the length of the costa is controlled by 
genetic factors, while the leaf and cell size are conditioned by environmental 
factors. Falcate leaves are an expression of hereditary factors, for, if the 
leaves are falcate in one part of the stem, they will be falcate throughout, 
even though submerged or subjected to other modifying environmental con¬ 
ditions. 

Environmental conditions producing habitat forms in Drepanocladus. 

The same habitat conditions produce similar forms in D. fluitans, D. cs- 
annulatus, and D. aduncus. 

Zastrow 13 carried out controlled experiments on mosses and compared 
growth submerged and emergent under identical conditions of pH. She 
found that, in general, growth under water led to pinnate branching, 
longer leaves, longer leaf cells, larger and more numerous alar cells, widely 
spaced leaves, and a weaker costa. These modifications are produced by sub¬ 
merged plants of D. aduncus, D. ftuitans , and D. exannulatus. 

The short-celled variation often seen in Drepanocladus occurs most com¬ 
monly on the emergent stems of plants growing in water. However, this 
form appears to be the result of recent flooding. Apparently the form is 
produced when the plant has more water available than is customary in its 
habitat. When the water supply is abundant and constant, all the leaves are 
similar and characteristic of submerged growth. When the water supply 
fluctuates, different forms are produced on the same plant under the dif¬ 
ferent conditions; one of the forms produced under these conditions is in¬ 
variably the short-celled phase of D. aduncus , D. ftuitans, or D. exannulatus. 
Consequently, plants growing in deep lakes are entirely the submerged 
phase, whereas plants which grow in temporary ponds and pools and inter¬ 
mittent streams produce the short-celled variation on part of their stem. 

is Experimentelle Studien iiber die* Anpassung von Wasscr- und Sumpfmoosen. 
PfL-Forach. 17: 1-70. 1934. 
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Field studies around the Huron River, Washtenaw County, Michigan, 
indicated this type of environmental fluctuation first in 1940. On May 14, 
when the water level in a pond near the river was high, plants which had 
produced the short-celled leaves on the emergent stems were collected 
(Wynne 1701). In the summer (June 30) when the pond was stagnant and 
the water level stable, all the new growth was the aquatic phase ( Wynne 
1712). On August 30 collections again showed that short-celled leaves had 
been produced by a rise in the water level (Wynne 2072). Later (October 
15) and until winter the conditions remained stable and all the leaves pro¬ 
duced were of the aquatic type (Wynne 2230). Similar reactions were ob¬ 
served in Reese’s Bog, Cheboygan County, Michigan. June 29, 1942, with 
much water in the bog, the leaves on the growing stems were short-celled 
(Wynne 2453). With less water (July 30) the plants were producing typ¬ 
ical leaves (Wynne 2591). 

The evidence obtained from these and many similar field observations 
was substantiated by large herbarium collections and extensive field notes 
from Quebec by H. Dupret. Many of Dupret’s collections are in series from 
the same locale taken at different dates. When the response of each species to 
environmental changes was known, then each plant told its own history. 
By examining leaves from different parts of a stem of Drepanocladus , it is 
possible to tell approximately under what environmental conditions those 
leaves were produced. This knowledge made possible the interpretation of 
herbarium specimens and the elimination of environmental fluctuations 
from the formal nomenclature in the genus. 

Statistical studies. In order to understand the variation in the genus 
Drepanocladus , statistical studies, as well as field studies, were made of the 
variable species. Measurements were made of all diagnostic features 
including serrulation, aeumination, size, attachment, decurrency, and dis¬ 
tance apart of the leaves; size of cells at base, alar region, margin, and apex 
of leaves. By plotting the results, it was easy to see whether the population 
fell naturally into one or several units. This information was useful in de¬ 
termining whether or not certain varieties were valid. 

Figure 2 shows the statistical evidence that was used in determining the 
varieties in D. revolvens and D. uncinatus. All collections of D. uncinatns 
were examined and measured and the length of the leaf was plotted on a 
single histogram. Two populations were then apparent: one with leaves 2.0- 
4.0 mm. long and another with leaves 4.4-5.5 mm. long. Previous to this 
study several varieties, called plumtdosnm, abbreviatnm , plumosum, 
gracilescens, and gracillimum , had been separated because of shorter leaves 
and a more delicate habit. When these simple statistical studies indicated 
that such a separation was artificial, a further, more careful examination of 
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Fig, 2. Statistical data on Drepanocladus nncinatm and D. rcvolvtnx. 
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collections so named was made. In all these collections leaves of various 
lengths (2.2, 2.4, 2.5, 3.0, 3.2 mm.) were found in the same clone. The author 
believes, therefore, that small leaves are minor habitat variations of a large 
variable population, D . uncinatus var. typicus. The small group of plants 
with leaves 4.4r-5.5 mm. long belong to D. uncinatus var. subjulaceus. The 
large size of the leaves on these plants is constant and correlated with a 
robust habit, a golden yellow color, and a distinct geographical range 
(western North America and Quebec and Newfoundland). 

Length of leaf and length of acumination of plants known as Z>. re¬ 
volvens and D. intermedins were measured and plotted on the same histo¬ 
gram. This indicated that D. intermedins, which had been separated from 
D. revolvens on the basis of its smaller leaves and shorter acumination, was 
not a natural population. Furthermore, examinations of many leaves from 
the same plant revealed acuminations varying in length from 0.1 to 0.8 mm. 
Therefore, on the basis of these observations, the name D. intermedins 
(Lindb.) Warnst. has been excluded and plants previously called D. in¬ 
termedins placed in D. revolvens. 

University of Michigan 
Ann Arbor, Michigan 



BULLETIN OF THE TORREY BOTANICAL CLUB 


Voi*. 71, No. 3, pp. 226-234 


May, 1944 


STUDIES IN THE SIMAROUBACEAE—II. THE 
GENUS SIMAROUBA* 

Arthur Cronquist 

The genus Simarouba was founded in 1775 by Aublet, with S. amara 
Aubl. as the type species. Although it is frequently spelled Simaruba , the 
original spelling, Simarouba, must stand. Simarouba differs from the related 
Quassia L. and Simaba Aubl. in its unisexual flowers and long divergent 
stigmas, Simaba and Quassia having the flowers perfect and the single 



Fig. 1. Supposed phytogeny of Simarouba. 


stigma capitate or slightly lobed. The gvnophore in Simaba is usually larger 
and more conspicuous than in Simarouba, and the appendages of the fila¬ 
ments may be much longer, but these characters are not entirely dependable. 
Although Simarouba, Simaba, Quassia, and the African Odyendca form 

* The first paper of this series appeared~in Jour. Arnold Arb. 25: 122-128. 1944. 
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an obvious and closely knit group, the origin of the group and the imme¬ 
diate derivation of the genus Simarouba are not clear. "Within the genus, 
S. arnara , 8. glaum, and 8. Berteroana are closely related and probably 
represent divergent end-lines of a common stock. 8. versicolor is probably 
derived from 8. glauca. , or at least these two have a common ancestor more 
recent than the common ancestor of 8. glauca and 8. amara. 8 . laevis and 
8. Tulac y although clearly belonging to the genus, are each somewhat iso¬ 
lated, with obscure affinities. 8. Tulae may be most closely related to 8. 
Berteroana , while it might be hazarded that 8. laevis is derived from 8 . 
glauca. These relationships are shown diagrammatically in figure 1. 

Two sections have been proposed, Porphyrosimarouba for 8. Tulae , and 
Eusimarouba for the rest of the species. If these are to be maintained, a 
third section should be set up for 8. laevis , but the genus is so small that 
division into sections is of doubtful value, and I decline to establish any 
additional ones. 

Nearly 500 herbarium sheets have been available for this study. I wish 
to thank Dr. II. A. Gleason and Mr. B. A. Krukoff, of the New York Bo¬ 
tanical Garden, who have given continued advice and assistance, and Dr. 
R. T. Major, of Merck Research Laboratory, who has made this study possi¬ 
ble. Also I wish to thank the curators of the several herbaria (hereinafter 
designated by the letters at the left), who have kindly loaned specimens: 

A—Arnold Aboretum, Harvard University, Jamaica Plain, Mass., 

F—Field Museum, Chicago, Ill., 

Mich—University of Michigan, Ann Arbor, 

MO—Missouri Botanical Garden, St. Louis, 

NY—New York Botanical Garden, 

US—United States National Herbarium, Washington, D. C., 

Y—Yale University School of Forestry, New Haven, Conn. 

Specimens cited as Kr. Herb, are mostly vouchers received by Mr. Krukoff 
in connection with samples for chemical study. 

All measurements of flower parts are taken from specimens restored to 
normal size by boiling. 

SIMAROUBA AUBL. 

Trees or shrubs; leaves alternate, pinnately compound; leaflets 3-21, 
firm, offset or rarely some of them opposite; dioecious; inflorescence a com¬ 
plex mixed panicle, the staininate larger and with more numerous flowers 
than the pistillate; sepals 5, occasionally 4 or 6, united at the base; petals 5, 
occasionally 4 or 6, distinct; stamens appendaged at the base, 10, occasion¬ 
ally 8 or 12, in the pistillate flowers much reduced or absent; carpels 5, 
occasionally 4 or 6, borne on a short broad gvnophore or disk, weakly 
united, w T ith a short common style and divergent stigmas; the staminate 
flowers with the gvnophore present but the carpels absent; ovules 1 in each 
carpel; fruit of several distinct drupes. 

KEY TO SPECIES AND VARIETIES 

1. Petals 9-11 mm. long; appendages of the filaments glabrous; leaflets 
* elliptical, broadest near the middle; plant of Puerto Rico..6. S. Tulae . 
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1. Petals 3.5-7 mm. long; appendages of the filaments with at least a 
few hairs at the tip, often densely hairy; leaflets either oblong, with 
parallel sides, or somewhat obovate and broadest above the middle, except 
sometimes in S . Berteroana; plants of South and Central America, Florida 
(U. S. A.), and the West Indies, but not of Puerto Rico. 

2. Leaflets mostly 3-5, sometimes 7, not at all veiny beneath; gyno- 
phore of the staminate flowers very short, the filaments inserted essen¬ 
tially at the edge of its top, distinctly not inferior to it; petals about 

4.5-5.5 mm. long; anthers about 1.2-1.4 mm. long; plant of Cuba.5. S. laevis. 

2. Leaflets mostly 9 or more, sometimes only 7, in S. Berteroana, with 
evident veins beneath except in forms of 8. amara; gynophore of the 
staminate flowers relatively well developed, the filaments inserted dis¬ 
tinctly below it; plants of general distribution, including Cuba. 

3. Appendages of the filaments densely hairy, relatively short and 
broad, the attached portion no longer than the free portion; free 
portion of the appendages bent over and closely investing the 
gynophore, in the staminate flowers; leaflets from minutely rugulose 
and dull to papillate and glaucous beneath. 

4. Petals 4.5-7 mm. long; anthers 1.2-2.0 mm. long; venation 
various; plants of Haiti, the Dominican Republic, Jamaica, 

Cuba, the Bahamas, Florida (U. 8. A.), southern Mexico, and 
Central America. 

5. Leaflets glaucous beneath, the surface closely papillate; 
main veins evident as distinct dark lines on the lower sur¬ 
face ; leaflets tending to be obtuse or rounded at the apex; 
anthers 1.5-2.0 mm. long, or sometimes only 1.3 mm. in var. 
typica; plant of Cuba, Jamaica, the Bahamas, southern 
Florida, southern Mexico, and Central America, as well as 

occasionally Haiti and the Dominican Republic. .3. 8. glauca. 

6. Leaflets relatively narrow, mostly more tliau 3 times 
as long as wide, except for some of the basal ones; plant 

of Cuba and occasionally Jamaica.3A. 8. glauca var. typica. 

(5. Leaflets relatively broad, mostly at least as wide as 
long; range of the species, but uncommon in Cuba. 

3B. S. glauca var. latifoiia. 

, 5. Leaflets not glaucous beneath, the lower surface minutely 

rugulose and punctate, or very minutely papillate; leaflets 
tending to be abruptly acute at the tip; main veins dis¬ 
cernible as faint furrows or as light lines on the lower sur¬ 
face; anthers mostly 1.2-1.4 mm. long; plant of Haiti and 

the Dominican Republic. . 2. S. Berteroana. 

4. Petals 3.5-4.5 mm. long; anthers 0.7-1.0 mm. long; veins on 
the lower surface of the leaflets obscure or visible as furrows; 
plant of South and Central America, and the West Indies as 

far north as Antigua. .1. S. amara. 

5. Leaflets glaucous beneath, the surface papillate. 

IB. 8. amara var. opaca. 

5. Leaflets not glaucous beneath, the surface minutely rugu¬ 
lose and punctate, or very minutely papillate..1 A. 8. amara var. typica . 

3. Appendages of the filaments sparsely to sometimes rather densely 
hairy, relatively long and narrow, the attached jwrtion longer than 
the short free portion; free portion of the appendages somewhat 
raised above the gynophore, not closely investing it, in the staminate 
flowers; petals about 4.3-5J5 mm. long; anthers 1.0-1.4 mm. long; 
lower surface of the leaflets glauopus, bearing a minute close retic¬ 
ulum of waxy material, the occasional larger than the average 
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areolae giving a somewhat punctulate appearance under low mag¬ 
nification (often densely hairy, and the reticulum thus obscure). 

4. S. versicolor. 

4. Leaflets conspicuously hairy beneath..4A. 8. versicolor var. typica. 

4. Leaflets glabrous or nearly so beneath.4B. 8. versicolor var. pallida. 

SYSTEMATIC TREATMENT OF THE SPECIES 

1. Simarouba amara Aubl. PI. Gui. 2: 860. pi. 331,332. 1775. 

Tree 7-35 meters high; leaflets mostly 9-21, elliptic-oblong, usually 
broadly so, with nearly parallel sides, cuneate at the base, rounded to some¬ 
times abruptly short-acuminate at the apex, mostly 6-15 cm. long, 2-6 cm. 
wide, the lowermost ones sometimes smaller, glabrous, the lower surface dull 
and rugulose to papillate-glaucous, the veins obscure or showing as furrows; 
calyx about 1 mm. long or a little more, glabrous or finely puberulent, the 
broad teeth equaling or shorter than the tube, petals 3.5-4.5 mm. long, 
green, yellow-green, or sometimes white, appendages of the filaments densely 
hairy, relatively short and broad, the attached portion no longer than the 
free portion, which bends over and closely invests the gynophore, in the 
staminate flowers; anthers 0.7-1.0 mm. long; fruit about 1-1.5 cm. long, 
ellipsoid, 2-ridged. 

1A. Simarouba amara Aubl. var. typica Cronquist, var. nov. 

S. amara Aubl. PI. Gui. 2: 860. Pl. 331 , 332. 1775. 

Quassia Simarouba L.f. Suppl. 234. 1781. 

Zwingera amara Willd. Sp. PI. 2: 569. 1799. 

Lower surface of the leaflets minutely rugulose and punctate, or very 
minutely papillate, dull. 

Type: Aublet s . n., French Guiana. 

Distribution: Brazil, Bolivia, and Peru, north to Costa Rica, in Central 
America, and Antigua, in the West Indies. 

Antiguai : Box 1415 (US). Montserrat: Shafer 365 (=565), (NY). Guadeloupe: 
Buss 2973 (MO), 3427 (F, NY, US); Stehle 2587 (US). Martinique: Duss 1198 
(NY); Hahn 145 (US). Dominica: Cooper 161 (Mich, US); Fishlock 38 (MO, NY, 
US). Barbados: Eggers 7150 (A, US); Stehle 2982 (NY). Grenada: Broadway s. n., 
May 1, 1906 (F, MO, NY). Trinidad: Brooks s. n. (Kr. Herb. 16137). British 
Guiana: Wood s. n. (Kr. Herb. # 16167). Essequibo: Smith 2857 (A, MO, NY, US). 
Dutch Guiana: Slahel s. n. (Kt. Herb. # 16245). French Guiana: Melinon s. n. 
(year 1863) (A). Brazil: Glaziou 17234 (NY). Amazonas: Ducke 374 (Kr. Herb., 
Y). Basin of Rio Madeira: Krukoff 6314 (A, NY, US), 7198 (A, MO, NY, US). 
Basin of Rio Negro: Ducke 60 (A, F, MO, NY, US). Basin of Rio Purus: Krukoff 
5240 (A, MO, NY, US). Basin of Rio Solimoes: Krukoff 8176 (A, MO, NY). Para: 
Capucho 470 (F); Carr 326 (F) ; Moss 56 (US). Maranhao: Froes 32 (US), 1966 (A, 
MO, NY, US), 11910 (A, NY). Ceara: Euetzelburg 26343 (F). Bahia: Curran 11 (US, 
Y), 21 (Y); Froes 69 (Kr. Herb.), 97 (Kr. Herb.); Froes s. n. (Kr. Herb. # 16715). 
Matto Grosso: Krukoff 1462 (A, NY). Minas Geraes: Barreto 1258 (F). Bolivia: 
La Paz: Krukoff 10324 (A, MO, NY), 11019 (A, MO, NY). Peru: Tessman 5431 

1 In view of the potential economic importance of Simarouba amara and 8. glauca, 
it has been thought desirable to cite all specimens examined. This has been done at 
the expense of the Research Department of Merck & Co., Inc. 
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(NY). San Martin: Khtg 3741 (A, MO, NY, US). Loreto: King 323 (F, NY, US), 
639 (F, NY, US), 8207 (A, F, MO, NY, US). Canal Zone: Carpenter 42 (F); 
Starry 144 (F). Costa Rica: San Jose: Skutch 2510 (A, Mich, MO, NY, US), 4032 
(A, MO, NY). Limon: Standley $ Valerio 48428 (US). 

IB. Simarouba AMARA Aubl. var. OPACA Engl. Nat. Pfl. 3(4) : 213. 1896. 

S . opaca Radkl. ex Engl. Nat. Pfl. ed. 2 19a: 374. 1931. 

Lower surface of the leaflets papillate, glaucous. 

Type: “ in Nordbrasilien {Para, Alto Amazonas) und Bahia, auch 
cultiviert bei Bio de Janeiro 

Distribution: Brazil to British Honduras; apparently absent from the 
West Indies. 

Guatemala: El Peten: Cook 4' Martin 75 (US). Jutiapa: Standley 75055 (F). 
British Honduras: Hope 1 (F, Y); Gentle 1870 (A, F, Mich, NY), 2751 (A, Mich, 
NY), 8280 (A, Mich, MO, NY); Schipp 123 (F, MO, NY, US); Stevenson s . n . (Kr. 
Herb. # 16180). Honduras: Atlantida: Standley 52807 (A, US), 55546 (A, US). El 
Salvador: La Union: Beetle 26257 (A, MO). Venezuela: Tate 1152 (NY). Bolivar: 
L. Williams 11774 (F, Kr. Herb., US). British Guiana: Mount Rorainia: Tate 241 
(NY). Brazil: Amazonas: Basin of Rio Branco: Kuhlmann 3038 (US). Basin of 
Rio Negro: Krukoff 7982 (A, MO, NY). Para: Spruce 442 (NY). Bahia: Blanchet 
2727 (MO, NY); Curran 98 (US); da Cunha s . n. (Kr. Herb. 16483). 

Simarouba amara has long been confused with £. glmtca , but the two 
are amply distinct. The differences in size of anthers and petals are of crit¬ 
ical importance. The petals in S . amara are dull yellow-green, or sometimes 
whitish, while those of S. glanca are commonly brighter yellow, not infre¬ 
quently with a touch of orange or red. S. amara is a large tree of the rain¬ 
forest; S. glanca is commonly a large shrub or small tree, often of somewhat 
drier and more open habitats. The key difference in leaf venation is not 
entirely constant; individuals having leaves seemingly intermediate between 
S. giatica and S. amara var. opaca are clearly referable to S. glanca on the 
basis of flower structure. 

2. Simarouba Berteroana Krug & Urb. Bot. Jahrb. 15: 306. 1892. 

Tree; leaflets mostly 7-9, relatively widely spaced, glabrous, cuneate and 
usually slightly oblique at the base, usually abruptly short-pointed at the 
apex, narrowly elliptic to broadly'elliptic-ovate, about 5-10 cm. long, 1.5- 
3.5 cm. wide, the lower surface dull and minutely rugulose, very minutely 
papillate, the veins showing as faint furrows or sometimes more evident 
lines; calyx a little over 1 mm. long, sometimes pruinose-glaucous, the broad 
rounded lobes equaling or exceeding the tube and sometimes finely ciliolate 
on the margins; petals yellow-green, about 4.5-6 mm. long; appendages of 
the filaments like those of S. amara and S. glanca; anthers about 1.2-1.4 
mm. long; fruit about 1.5-2 cm. long, 2-ridged. 

Type: Bertero 6/+, Dominican Republic (NY—fragment and photo). 

Distribution: Haiti and .the Dominican Republic. 

Haiti: Desert #. n. (Y); Ekman H8Q86 (US); Leonard 4265 (NY, US). Domini¬ 
can Republic: Fuertes 47 (F, MO, NY, US); Jimenez s. n. (Kr. Herb. # 16334); 
Schifflno 92 (US, Y). 
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This species combines the characters of 8. amara and 8. glauca, but 
seems genetically stable. In leaf texture and venation it resembles 8 . amara; 
in petal size it simulates 8. glauca . The anthers are larger than in 8 . amara, 
and about at the lower size limit for 8. glauca. The pronounced tendency 
toward abruptly acute leaflets, a feature found only occasionally in 8. 
amara, and scarcely at all in 8 . glauca, suggests that it is a residual stock 
rather than a stabilized hybrid. 

3. Simarouba glauca DC. Ann. Mus. Paris 17: 424. 1811. 

Large shrub, or small tree, rarely larger and as much as 18 meters high; 
leaflets mostly 8-16, cuneate at the base, rounded to occasionally acutish at 
the apex, narrowly obovate to broadly elliptic-oblong, mostly 4-10 cm. long, 
12-50 nun. wide, the lowermost ones sometimes smaller; lower surfaces of 
the leaflets glabrous to sometimes moderately appressed-hairv, conspicu¬ 
ously papillate-glaucous and evidently reticulate-veinv, the veins appearing 
dark in herbarium specimens; calyx a little over 1 mm. long, glabrous, often 
also somewhat pruinose-glaueous, the broad rounded lobes equaling or ex¬ 
ceeding the tube, sometimes finely ciliolate on the margins; petals 4.5-7 mm. 
long, mostly vellow-green. sometimes brighter yellow and with an orange- 
red midstripe; appendages of the filaments much like those of 8. amara; 
anthers 1.5-2.0 mm. long, or sometimes only 1.3 mm. long in var. typiea; 
fruit about 1.5-2.0 cm. long, ellipsoid, 2-ridged. 

3A. Simarouba glauca DC. var. typiea Cronquist, var. now 

S. glauca 1)U. Aim. Mus. Paris 17:424. 1S11. 

Quassia glauca Spreng. Syst. 2:519. IS25. 

Leaflets narrower in shape and averaging smaller than those of var. 
latifolia , mostly more than three times as long as wide, except sometimes 
some of the basal ones; anthers sometimes a little smaller than in var. 
lot if alia. 

Type: Humboldt & Bonpland s. a., near Havana, Cuba. 

Distribution: Cuba, and apparently occasionally in Jamaica. 

Cuba: Gill A* Whit ford s. n. (year 1925) (Y); Lton £50? (NY); Bugel £00 (NY'). 
Pinar del Rio: Britton tV* Cowell 9015 (NY r ). Isla do Pinos: Britton , Wilsan *$• Leon 
152?! (NY). Mutunzus: Britton cf* Wilson 14048 (NY, US). Santa Clara: Acuna s. n. 
(Kr. llcrb. # 10055); Britton , Britton , <jf* Wilson 55?o (NY, US); Britton , Cou'ell, 
<S' Earle KKW4 (NY); Britton, Earle . <V Wilson 46£4 (NY, US); Britton # ITi'toon 
55.44 (NY, US), 5658 (NY); Jack 4104 (A, NY), 4511 (A), 4854 (A, NY T ) ; Behder 
111£ (A), 1£15 (A); Shafer liSlt (NY, US). Camagucy: Shafer 318 (NY, US), 1086 
(NY, US). Jamaica: Harris 0551 (NY'). 

3B. Simarouba glauca DC. var. latifolia Cronquist, var. nov. 

S . officinalis DC. Ann. Mus. Paris 17:425. 1S11, in part. 

S. medicinatis Emil. Mod.-Pfl. Osterreirh. 528. 1S42. 

S. officinalis PC. forma glabra Krug & Urb. Bot. Jahrb. 15:505. 1892. 

Leaflets broader and averaging larger than those of var. typiea, mostly 
at least 1/3 as wide as long. 
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A var. typico differt foliolis latioribus, latitndine saltern tertiam partem 
longitudinis aequanti. 

Type: Curtiss 5625, Key West, Florida, April 18, 1896 (NY); isotypes 
at MO, US. 

Distribution: Central America (Costa Rica) to Mexico (Oaxaca); 
southern Florida (U.S.A.); Bahama Islands; Jamaica; occasional in Cuba, 
Haiti, and the Dominican Republic. 

Mexico: Rovirosa 7SO (US). Oaxaca: L. Williams 9S75 (F). Tabasco: Matilda 
3116 (A, F, Mich, NY). Yucatan: Gaumer 4S9 (A, F, MO, NY, US), 23252 (A, MO, 
NY, US), 23583 (F, MO, US), 24111 (F, MO, US). British Honduras: Brown SS 
(F, Y); Carnegie Institute & U . of Michigan 3rd Biological Exp. 4S50 (F, Mich); 
Gentle S81 (F, Mich, US), 417 (A, F, Mich, MO, US), 1200 (A, Mich, MO, NY, 
US); Beyder 8 (US, Y); Lundell 4S50 (F); Turner s. n. (Kr. Herb. # 16301). 
Guatemala: Beam 195 (A, Mich); Friedrichsthal 92$ (F); Record dr Kuylen G128 
(US, Y). El Peten: Bartlett 12662 (A, Mich, NY, US); Lundell 2185 (A, F, Mich, 
US). 22S4 (A, F, Mich, US); Mercedes S6S (Mich). Baja Verapaz: Cook $ Doyle 92 
(US); Kellerman 6634 (F). Izabal: Kellerman 4512 (F, US); Steyermark 38125 (F). 
El Progresso: Popenoe 982 (US). Zacapa: Standley 72030 (F); Steyermark 2930$ 
(F). Jalapa: Kellerman 7004 (F), 7896 (F, NY). Amatitlan: Morales 738 (US). 
Jutiapa: Standley 60550 (F). Honduras: Camayagua: Edwards 91 (A, F), 373 (A, 
F, US), 571 (A, F, US). Yoro: Standley 55047 (A, US). El Salvador: Viilacorta 
8136 (US). La Libertad: Standley 23222 (US). San Salvador: Calderon 257 (NY, US) ; 
Benson 233 (NY, US). San Vincente: Standley 21232 (US). La Union: Standley 20692 
(NY, US). Nicaragua : Leon: Baker 2266 (A, MO, NY, US). Managua: Chavez 17$ (US) ; 
Gamier 3009 (A). Masaya: Maxon 7674 (US). Costa Rica: Puntarenas: QuirosCalvo 
798 (F). United States: Florida: Bessey 20 (A); Blodgett s. n. (NY); Curtiss 439 
(Mich, MO, NY, US), 5625 (MO, NY, US), a. (March, 1882) (A); Duckett 218 
(A, NY, US); Famum s. n . (February, 1930) (Mich, MO, US); Fennell $29 (A, NY), 
Garber s. n. (year 1877) (MO, US); J. A. Harris C21345 (US); A. H. Howell 875 
(US); MacDonald 34 (Y); Moldenke 823 (MO, NY, US), 3669 (NY); Mosier $79 
(US); O f Neill 7585 (A, NY, US), s. n. (August 21, 1929) (MO, US); Pollard . Col¬ 
lins, $ Morris 187 (NY, US) ; Rehder 713 (A) ; Rugel 107 (MO, US), 108 (NY, US); 
Safford $ Mosier 89 (US), 90 (US); Sargent s. n. (April 6, 1886) (A), (April 13, 

1886) (A), (April 20, 1886) (A); Simpson 346 (US), 564 (NY), 564a (US); 

SmcAl 7451 (NY, US), 8766 (NY), 884£ (NY); Small, Mosier, <(• Small 64t8 (NY); 
Small dr Hash 16 (NY); Small & Small 4712 (MO, NY). Bahama Islands: Brace 

1648 (NY), 3913 (NY), 6795 (NY): Britton $ Millsimugh 2649 (NY); Small <$' 

Carter 8725 (NY, US). Cuba: Oriente: Britton <$• Cowell 12533 (NY, US). Santa 
Clara: Jack 4565 (cultivated) (A, US), 510$ (cultivated) (A, US). Dominican Re 
public: Valeur 845 (MO, NY); Wright , Parry, 4r Brummel 174 (F, US). Haiti: 
Cook 12 (US). Jamaica: R. C. Alexander s. n . (year 1850) (MO, NY); Britton 3767 
(NY); Harris 5931 (NY), 8664 (NY, US), 9858 (A, NY); Hart 1053 (F, US), 
s. n. (US). 

Some of the Central American plants (exemplified by Edwards 571, 
Camaygua, Honduras) have conspicuously longer (up to 7 mm.) and more 
brightly colored petals than usual, and the Edwards plant is reported to be 
a tree 60 feet high; without additional material it is difficult to say whether 
these represent a true variety or merely an unusual form. 

8. officinalis DC. was based on at least two elements; most of the 
specimens cited would seem to belong to a slightly pubescent phase of 
8 . glauca var. latifolia, but the extensive synonymy given all refers to 
8 . amara . 
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4. Simarouba versicolor A. St. Hil. PI. Us. Bras. pi. 5. 1824. 

Small tree mostly 4-5 meters high; leaflets mostly 9-16, narrowly 
obovate to broadly oblong or elliptic-oblong, cuneate at the base, rounded 
to acutish at the tip, mostly 4-10 cm. long and 1.5-3.5 cm. wide, the lower¬ 
most ones sometimes smaller, the lower surface provided with a minute 
close waxy reticulum that is ordinarily readily visible under a magnification 
of 25 diameters (unless obscured by pubescence), the occasional larger than 
average areolae often giving a minutely punctulate appearance under low 
magnification, the surface varying from otherwise glabrous to densely 
spreading-hairy; calyx about 1 mm. long or a little more, glabrous or 
sparsely hirtellous, the broad rounded lobes about as long as the tube, often 
ciliolate on the margins; petals about 4.0-5.5 mm. long; appendages of the 
filaments sparsely to sometimes rather densely hairy, relatively long and 
narrow", the attached portion longer than the short free portion, which is 
raised somewhat above the gynophore, in the staminate flowers, instead of 
closely investing it; anthers about 1.0-1.4 mm. long; fruit about 2-2.5 cm. 
long, ellipsoid or ovoid, 2-ridged. 

4A. Simarouba versicolor A. St. Hil. var. typica Cronquist, var. nov. 

8. versicolor A. St. Hil. PI. Us. Bras. pi. 5. 1824. 

5. versicolor A. 8t. Hil. var. angusti folio Engl, in Mart. FI. Bras. 12(2) : 226. 1874. 

Low’er surface of the leaflets more or less densely spreading-hairv. 

Type: “Dans les paturages dr la province de Minas Gcraes , voisins du 
Rio-dc-S.-Francisco,” Brazil. 

Distribution: Semi-open places; eastern Brazil, from Maranhao to Minas 
Geraes, thence westward to Bolivia. 

Brazil: Herb. Drake s. n. (F); Glaziou s. n. (A). (Vara: Gardner 15IS (NY, US); 
Luetzelburg 25828 (F). Bahia: Blanchet 8142 (NY); Lnetzelburg 1456 (NY). Maran¬ 
hao: Snethelagc 728 (US). Matto Grosso: Malme 1527 (US); Martius Herb. 572 (MO, 
NY). Rio <le Janeiro: Glaziou 10468 (l T S). Bolivia: Euntze s. n. (July, 1892) (NY). 

4B. Simarouba versicolor A. St. Hil. var. pallida Engl, in Mart. FI. 
Bras. 12(2): 226. 1874. 

Lower surface of the leaflets glabrous. 

Type: “In prov. Goyaz inter arbuscula tortuosa pr. Paracaitu , et in 
Chapado de S. Marcos prov. Minas Geraes ” Brazil. 

Distribution: Semi-open places; eastern Brazil, from Ceara and Piauhv 
to Minas Geraes, thence westward to Bolivia. 

Brazil: Pohl 925 (F) Ceara: Vie 9044 (US). Piauhv : Dahlgren 981 (F). Bolivia; 
El Beni: Kusby 1261 (NY), 1714 (NY, US). Santa Cruz: Sleinbach 6410 (F), 7210 
(F, MO, NY), 7269 (F, MO, NY). 

The peculiar waxy reticulum on the lower surface of the leaflets is quite 
enough to identify either variety of this species, even in the absence of 
flow r ers. From the available specimens it would seem that var. typica is 
more common in Brazil, while var. pallida is more common in Bolivia. No 
specimens have been found to connect definitely the Brazilian with the 
Bolivian range, but such a connection doubtless exists. 
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5. Simarouba laevis Onset). Cat. PI. Cub. 49. 1866. 

Shrub or small tree, mostly 2-6 meters high; leaflets mostly 3-5, some¬ 
times 7, glabrous, obovate or elliptic, cuneate at the base, rounded at the 
summit, 3-7 cm. long, 1.5-3 cm. wide, the lower surface dull, minutely 
rugulose and punctulate, not at all veiny, or very obscurely so; calyx about 
1.5 mm. long or a little more, glabrous except sometimes for some ciliae on 
the margins of the broad rounded lobes, which slightly exceed the tube; 
petals about 4.5-S.5 mm. long, reported to be white; filaments inserted 
essentially at the edge of the top of the very short gvnophore, in the stami- 
nate flowers; appendages thick, firm, erect, the free portion longer than the 
short attached portion; anthers about 1.2-1.4 mm. long; fruit about 1.5-2 
cm. long, ellipsoid, 2-ridged. 

Type: Wright 2187 , eastern Cuba (MO, NY, fragments). 

Distribution: Cuba. 

Cuba: Britton , Britton , 4' Shafer 70S (NY). Pinar del Rio: Leon 4' Roifj 18542 
(NY). Habana: Leon 2981 (NY), 5204 (NY); Leon 4' Cesaere 8988 (NY). Matanzas: 
Britton, Britton, 4' Wilson 14068 (NY, U8). Santa Clara: Britton , Bntton t 4‘ Wilson 
6204 (NY); Britton 4' Cowell 10194 (NY), 13282 (NY); Jack 5417 (A). Orient*: 
Wright 1159 (NY). 

6. Simarouba Tulae Urb. Jahrb. Bot. Gart. Berlin 14: 245. 1886. 

Shrub or tree, mostly 2-8 meters high; leaflets mostly 5-10, offset or 
sometimes some of them opposite, glabrous, cuneate at the base, abruptly 
acuminate at the apex, elliptic, broadest about the middle, 5-11 cm. long, 
1.5-5 cm. wide, dull, very minutely papillate, and often somewhat brownish, 
on the lower surfaces; inflorescence relatively broad and short; calyx about 
1.5 mm. long or more, glabrous, the broad obtuse or rounded lobes equaling 
or exceeding the tube, petals about 9-11 mm. long, red; appendages of the 
filaments relatively long and slender, glabrous, the attached portion longer 
than the short free portion; anthers about 1.5 mm. long, or a little more; 
frui^ strongly flattened, broadly and asymmetrically obovate, 2-3.5 cm. 
long, red. 

Type: Wydler 1^18, prope Maricao , Puerto Rico. 

Distribution: Puerto Rico. 

Puerto Rico: Britton rf - Cowell 4821 (NY, US): Britton, Cowill, <(■ Brou-n 4452 
(MO, NY, US) ; Britton # Marble 679 (NY, US) ; Britton, Steven <)■ Bess £46,1 (NY. 
US); Eggers 1284 (US); Gregory 54 (NY); liras 1461 (NY), £208 (NY); llioram 
s. n. (July, 1931) (NY); Baldridge 224 (NY); McClelland 91.14 (NY); Sargent 605 
(US); Sinterms 277 (US), 297 (US), 1.129 (US), 2650 (US), 4.192 (US). 468.1 (F. 
MO, NY, US). 

EXCLUDED SPECIES 

Simarouba excelsa DC. Ann. Mus. Par. 17:424. 1811. = Picrasma esc visa 

(Sw.) Planch. 

Simarouba monophylla Oliver Ic. PI. pi. 1387. 1882. ~ Simaba sp. 
Simarouba obovata (Spruce ex Engl.) Engl. Nat. Pfl. 3(4) : 212. 18!)6. = 

Simaba obovata Spruce ex Engl. 

The New! York Botanical Garden 
New York 
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SOME STATISTICS OF ACHRAS ZAPOTA LEAVES, 
BRITISH HONDURAS 1 

Frank E. Egler 

PURPOSE OF THE STUDY 

The taxonomic status of the Achras complex in Central America is still 
in need of further investigation. Of this complex Achras zapota is the most 
commonly recognized species. 2 This tree is the source of the chicle of com¬ 
merce, which is used as a base for chewing gum and is derived from the 
coagulation of the latex of the bark. The gathering of the latex by profes¬ 
sional chic!pros is an industry of considerable local importance. Achras 
zapota also produces the fruit known as sapodilla, found in local markets 
in many parts of the tropics. The wood of Achras is generally recognized as 
being durable, and it is claimed that certain beams in Mayan ruins, prob¬ 
ably 1000 to 1500 years old, are still sound. Furthermore, Achras is a forest 
tree of considerable importance in the local vegetation, both because of its 
numbers and its size. For these reasons, the recognition of species, strains 
and types is a matter of practical and academic significance. 

Both the existing literature on the Achras complex and treatments of 
the genus in regional manuals and local native opinion emphasize the impor¬ 
tance of leaf shape in the segregation of taxonomic entities. Furthermore, 
differences in normal leaves of the sapodilla are such that their taxonomic 
significance deserves further investigation. The purpose of this paper is to 
present certain statistics on normal leaf variation in a population of Achras 
zapota , as an impartial contribution to our knowledge of that segregate. Such 
statistics may serve as a base for evaluation of botanical collections made 
elsewhere. Data on floral variation and evaluation of floral variation are not 
here considered. 

1 Contribution No. 1 from the Chicle Development Company Experiment Station. 
Professor C. C. Carpenter, Syracuse University, has reviewed the use of statistical methods 
in this study. Comments on the manuscript have been received from Professors R. R. Hirt, 
J. L. Lowe, II. F. A. Meier, and H. K. Phinnev, N. Y. State College of Forestry, and from 
Professor Stanley A. Cain, University of Tennessee. 

2 (Silly (Trop. Woods 73: 1-22. 1943), has shown that the name Achras zapota is 
untenable, and has proposed ManiWara zapotilla (Jaeq.) Gilly to replace it. He has split 
Achras zapota into ten species, primarily on the basis of floral characters, of which species 
nine are new. Because the present author is not yet in the position to recognize these addi¬ 
tional species, because (Silly himself writes that his “paper must be regarded as only a 
preliminary step toward the solution of the Sapodilla-Nispero complex,” and because the 
old name is firmly entrenched in the practical literature, he is retaining the established 
binomial pending further investigations. 
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An additional purpose of this study is to test for significant leaf differ¬ 
ences between the so-called “color varieties” of Achras zapota. These color 
varieties, the bianco (white), the Colorado (red), and the morado (blue) are 
generally distinguished without hesitation by native chicleros. The distinc¬ 
tions, however, are obscure and inconstant to botanists. Nevertheless it seems 
to be a scientific practice to place faith in a tropical native’s ability to sepa¬ 
rate species, a situation sometimes carried to such extremes as would not be 
accepted in north temperate regions. The very seriousness with which the 
situation is being accepted for Achras makes a report of this kind desirable. 

On the basis of the literature and the author’s studies in the Yucatan 
peninsula, it would appear that identification of a color variety represents 
a chiclero’s opinion on the latex yield of the tree if it were to be tapped. 
Since commercial tapping is unsupervised, there is no check on a chiclero’s 
determination, although past studies by the Chicle Development Company 
indicate that his opinion is not to be taken seriously. The basis of recogni¬ 
tion of the varieties is variously reported in the literature, and differs accord¬ 
ing to region and the individual chiclero. Leaf features are mentioned 
repeatedly, as well as external bark, color of internal bark, site, form of 
tree, number of previous tappings, and type of fruit. The author has found 
different chicleros to give different determinations for the same tree, and 
has found a chiclero to change his determination on closer inspection of a 
tree. A test machete cut, permitting flow of latex, convinces the chiclero, but 
not the botanist, as to whether it is a low-yielding red, a high-yielding white, 
or a very high-yielding blue. 

The chicle industry has long recognized that trees differ extremely in the 
quantity of latex they will yield. It takes no mystic or unusual perspicacity 
on Ae part of a field botanist to observe certain correlations between site and 
morphologic features of the trees. Trees of thin rocky soil and of seasonally 
parched “akalehes” are small, short-boled, open-crowned, limby, exposed to 
wind, light, and dryness, with deeply fissured bark, and a small amount of 
latex-yielding inner bark. Trees of deep soil are large, long-boled, dose- 
crowned, in a dense moist shady forest, with shallowly fissured bark, and a 
greater amount of inner bark. The xeric form is usually the chiclero’s Colo¬ 
rado, the hygric form is usually the bianco. 

FIELD METHODS 

The field investigations were carried out in April, 1942, on the Tower 
Hill East Estate, a unit of the Honey Camp Experimental Forest of the 
Chicle Development Company Experiment Station in northern British Hon¬ 
duras. The property belongs to the Chicle Development Company of New 
York, Central American subsidiary of the Beech-Nut Packing Co. and the 
American Chicle Co. The Tower Hill East Estate was originally purchased 
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as a typical example of British Honduras sapodilla forest. For statistical 
purposes one may consider that any other sample of such forest had an equal 
chance of serving for this study. 

The populations sampled were along two arbitrarily chosen foot trails, 
one in general upland, the other in akalehe. The course of the trails bore 
no relation to local topography, and it may be considered that all trees in 
the Estate had equal chances of occurring along them. 

Thirty-five permanently located trees were used in this study, chosen for 
purposes of comparing the color varieties, and wdth as much adherence to 
the principles of random sampling as the peculiar conditions permitted. 
Four assumedlv homogeneous populations were considered: Upland White, 
Upland lied, Upland Blue, and Akalehe Red. No white or blue trees were 
found in akalehe. For each population, the first 10 trees occurring on the 
line of travel were accepted (except that only 5 of the rare blues were 
found). About 6 trees were passed which were difficult or dangerous to climb 
because of luxuriant lianas or of decay resulting from severe tappings, both 
of which characteristics were assumed to have no correlation with possible 
botanical differences. Recognition of the color varieties was by an unusually 
competent and intelligent ehiclero. 

From each of the 35 trees, foliage was obtained from approximately 
midheight of the crown, cut by a ehiclero in the presence of the author. 
Specified location within the crown may have been unnecessary, since it 
appeared by observation that there was no apparent difference between the 
types of foliage growing in different parts. The entire crown of Aehras is 
open, limby, usually rising above the surrounding vegetation, and well 
exposed to light in all its parts. 

From 1 to 5 small branches were cut by the ehiclero, and from them 
material for herbarium specimens was taken. It is characteristic of Aehras 
zapota that the foliage is grouped at the ends of twigs in spreading rosettes 
(forming a pattern against the sky that aids in field identification), and 10 
such rosettes were chosen at random from each tree. In conformity with the 
plan of tliis study for sampling only the normal foliage, certain dwarfed, 
curled, diseased, or abnormally large rosettes were discarded. Every inves¬ 
tigator who has carefully observed the full variation of leaves on any one 
tree realizes that although close to 100 per cent of the foliage forms an inter¬ 
grading mass, there are certain extremes—as would be midgets and giants 
in a human population—which can be eliminated in all except very large 
sampling techniques, here impractical. These leaf abnormalities appeared 
consistently in all trees, and did not differentiate the trees. Furthermore, 
the elimination of this small percentage from the analysis affected only the 
extreme range, a statistic which has not been considered of botanical impor¬ 
tance. As a general observation, it may be said that there was sometimes an 
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obvious individuality of leaf type on a single tree. Such apparent individ¬ 
uality was not carried over to any second tree or group of trees, and careful 
observation of the foliage of additional trees made it appear that it was 
nothing more than one phase of varying conditions. The leaf features for 
statistical treatment, however, were chosen with this individuality in mind. 

Rosettes both with new light green foliage and with old dark green 
foliage were taken. At this season, the early part of the dry season, fall of 
old leaves and growth of new leaves had been so rapid that approximately 
three-quarters of the trees showed only new foliage (the light color of which 
is another aid in field identification). It was determined by observation of 
rosettes with leaves of both ages that the new set had already attained their 
full areal growth, and consequently the classes have not been segregated in 
this study. The young thin leaves are sometimes larger than the old thick 
leaves, and it is possible that there is a small seasonal variation, with the 
larger leaves being formed in the period of most rapid growth. 

After being dried as herbarium material, and after the leaves had re¬ 
gained enough moisture from the atmosphere that they were no longer 
brittle, 2 leaves were selected from each rosette for detailed study. Although 
there w r as generally only minor variation in size within a rosette, leaves of 
medium length were deliberately chosen, in accordance with the plan to 
characterize variations in normal foliage. 

By the application of the methods above described, material was at hand 
consisting of 700 Items (leaves), representing 35 Samples (trees, each being 
a numbered botanical collection, now deposited in the herbarium of the New 
York Botanical Garden), further representing 4 assumed Populations (Up¬ 
land White, Upland Red, Upland Blue, and Akalche Red), later to be com¬ 
pared as 4 Population-pairs (Upland White-Upland Red, Upland White- 
Upland Blue, Upland Blue-Upland Red, and Upland Red-AkaIche Red). 

OBTAINING THE BASIC DATA 

All measurements on each Item were made to the nearest millimeter with 
a celluloid metric scale. Work sheets were prepared and data recorded which 
led either directly or indirectly to a characterization of the following 6 
Features (fig. 1): 

1. Blade-length. The full length of the leaf-blade was measured from 
the point of attachment of the petiole to the leaf-tip. Although the leaf-blade 
base in Achras zapota is generally acute, no difficulty w r as experienced in 
determining its terminus. In some leaves, one side extends proximally for 
a measurable distance more than the other side. In such cases, measurement 
was begun half-way along the extension. Frequently the midrib of the leaf 
was slightly curved, so that an exact measurement of its length was difficult. 
If the curve was definitely at one end or the other, a correction was per- 
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mitted by placing the metric scale along a hypothetically straightened line; 
if a slight curve occurred throughout, a correction was estimated. 

2. Midlength-width. The width of the blade at a point midway along its 
length is always obtainable without difficulty, since the margins of the leaf 
are entire and never sinuate except when diseased. 

3. Greatest-width. The greatest-width is described as occurring either 
at the midlength, or proximally or distally from it. Furthermore, it can 
occur at one particular point along the length, or it can extend along the 
leaf for various distances. In Achras, when the greatest-width was not at 
midlength, it was measurable at a point; when the greatest-ividth was at 
midlength, it sometimes extended proximally or distally, forming a leaf with 
partly parallel sides. When such parallel sides were largely distal from the 
midlength—giving the illusion of its being oblanceolate—the shape is here 
referred to as abelliptic; when such sides were proximal, the shape is 
adelliptic. 



Fig. 1. Diagram of a loaf of Jchrax znpota , showing the 6 Features investigated in 
this study. Blade length, AK. Midlength width, HIJ (I is at midlength). Greatest-width, 
KG. Degree of lengthwise eccentricity, FI/AK. Degree of breadthwise eccentricity, (EG- 
HJ)/1T«1. Apex width, BD (AC, 1 cm.). Drawing l>v L. Partelow, Draftsman, Syracuse, 
X. Y. 

4. The Degree of Lengthwise Eccentricity (DLE). This Feature was 
developed in order to obtain a serviceable measure of the departure of the 
greatest-width from the midlength, i.e., the degree to which the greatest- 
width approached either end of the blade. The distance was measured along 
the midrib between the midlength and the greatest-width. This figure was 
converted to a percentage by dividing by the full blade-length. 

5. The Degree of Breadthwise Eccentricity (DBE). Comparable to DLE. 
DBE is designed to express the increase in width of a leaf beyond the width 
it possesses at midlength. The difference between midlengtli-width and 
greatest-width is computed. This figure is divided by the midlength-width 
in order to give a percentage which can be considered in relation to that 
midlength. Expressed as a formula, 

DBF - (g rea t es t~ w *ri*M-( m idlength-width) 
midlength-width 
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6. Apex-width. The type of apex is frequently distinctive of different 
populations of plants. It is frequently referred to as being rounded, obtuse, 
acute, acuminate, or attenuate, and emarginate or apiculate. In the popula¬ 
tions studied, all leaves were emarginate, although some were conspicuously 
more so than others. For purposes of quantitative measurement of the nature 

TABLE 1. Leaf-shape types in the 35 samples of Achras zapota . 


Bot. 

coll. 

no. 


Number of leaves in each leaf shape type 


Oblanceolate 

Abelliptic 

Elliptic 

Adelliptic 

Lanceolate 

42-137 

9 

3 

3 

4 

1 

42-138 

11 

5 

4 

0 

0 

42-139 

8 

6 

5 

1 

0 

42-140 

15 

1 

4 

0 

; o 

42-141 

15 

2 

3 

0 

0 

42-142 ! 

19 

1 

0 

0 | 

i 0 

42-143 

13 

3 

4 

0 

0 

42-144 

6 

8 

5 

1 

0 

42-145 

15 

o 

3 

0 

0 

42-146 

12 

7 

1 

o : 

0 

42-148 

16 

3 

1 

0 

0 

42-149 

4 

6 

10 

0 

0 

42-150 

2 

3 

31 

4 

0 

42-151 

8 

5 

7 

0 

0 

42-152 

11 

5 

4 

0 

0 

42-153 

3 

8 

5 

4 

0 

42-154 

11 

7 

o 

0 

0 

42-155 

1 

6 

11 

o 

0 

42-156 

17 

2 

1 

0 

0 

42-157 

8 

6 

6 

0 

0 

42-158 

13 

5 : 

o 

0 

0 

42-158 A ! 

7 

7 

5 

1 

0 

, 42-159 

11 

j 4 ; 

4 

1 

0 

42-160 

6 

5 1 

8 

1 

0 

42-161 

11 

4 

5 

0 

0 

42-168 

8 

4 

6 

*> 

0 

42-169 

7 

8 

4 

1 

0 

42-170 

35 

4 

1 

0 

0 

42-171 

12 

6 

2 

0 

0 

42-172 

16 

3, 

1 

0 

0 

42-173 

4 

7 * 

7 

1 

1 

42-174 

6 

8 

6 

0 

0 

42-175 

15 

5 

0 

0 

0 

42-176 

10 

7 

3 

0 

0 

42-177 ( 

20 

0 

1 

0 

.1 

0 


of the leaf tip, the concept of apex-width was developed, and now defined 
as the width of the leaf 1 cm. from the tip. This distance is correlated with 
such qualitative terms as rounded, acute, and attenuate. It is not to be over¬ 
looked, however, that it ignores the condition of the sides of the triangle of 
which the apex-width is the base. Such sides may be straight, concave, or 
convex, each resulting in a distinctively appearing tip. 
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THE DATA AND ANALYSES 

All calculations in this study were carried out for the author by Hartley 
K. Phinney, New York State College of Forestry, with the exception that 
figures for DLE and DBE in table 1, Items 1 through 160, are by Mrs. 
Dorothy Thomson of Belize, British Honduras. 

Characteristics of the Items . According to the methods outlined above, 
data have been obtained concerning the 6 Features for each of the 700 Items. 
These were utilized in the computations presented in tables 2-4. 

Characteristics of the Samples. Each Sample (tree) contains 20 Items 
(20 leaves). The leaf-shape types within each Sample are summarized in 
table 1. Furthermore, for each of the 35 Samples, 3 characteristics have 
been computed for each of the 6 Features. These are: (1) the mean of the 
measurements; (2) the range of the measurements; and (3) the standard 
deviation of the measurements. These statistics are presented in table 2. 

Characteristics of the Populations. For each of the 4 Populations, Upland 
White, Upland Blue, Upland Red, and Akalche Red, 3 characteristics have 
been computed for each of the 6 Features. These are: (1) the mean of the 
sample means; (2) the observed range of the sample means; and (3) the 
standard error of the sample means. These statistics are presented in table 3. 

Characteristics of the Population-Pairs. For each of the 4 Population- 
pairs, 3 characteristics have been computed for each of the 6 Features. 
These are: (1) the difference between means of sample means; (2) the 
standard error of the difference between means of sample means; and (3) 
the ratio t. These statistics are presented in table 4. 

SIGNIFICANCE OF THE VALUES OF t 

The 24 values of t computed in the preceding section have been com¬ 
pared to their respective 5 per cent and 1 per cent levels and adjudged 
“non-significant” or “significant” at each level, according to D. D. Pater¬ 
son, “Statistical Technique in Agricultural Research,” New York, N. Y. 
Twenty-three of the values were found non-significant; only one was sig¬ 
nificant, as shown in table 4. 

In each instance of non-significance of t , it may also be said that the 
respective difference between means of the 2 Populations is too small to be 
considered significant. Further evidence is necessary to determine if the 
mean actually indicates 2 distinct Populations of the respective Feature. 
Until that time it may be assumed that the difference is only an incident 
of sampling from a single normally variable Population. 

The single instance of significance of t at the 5 per cent level indicates 
a significant difference between blade-length means of Upland Red and 
Upland White Populations. From another point of view, this value of t 
indicates that the relatively wide difference of means will occur—assuming 



TABLE 2. The characteristics of the 35 samples of Achras zapota. 
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identity of Upland Red and Upland White Populations—in not more than 
5 per cent of any sample Population-pairs examined. On the basis of closer 
correlation with the published t values, this difference will occur in about 4 
of every 100 sample Population-pairs. 

conclusions 

All differences in midlength-width, greatest-width, DLE, DBE, and 
apex-width within each of the 4 Population-pairs are too small to be con¬ 
sidered significant. All differences in blade-length are non-significant also, 
except the difference between the Upland Red and the Upland White Popu¬ 
lations, which is sufficiently large that it will occur in only 4 of every 100 
pairs—assuming identity of the Upland Red and the Upland White Popu¬ 
lations. This difference in blade-length means (actually only 1.28 cm., with 
a range of means among the Upland Red trees from 10.32 to 13.31 cm., and 
among the Upland White trees from 8.89 to 14.49 cm.) is by itself too small 
to be of importance to the plant taxonomist, and cannot be used for the 
practical segregation of taxonomic units. 

In conclusion, therefore, further evidence is necessary to determine if the 
observed differences in leaf Features actually indicate that the Upland 
White, Upland Red, Upland Blue, and Akalche Red groups are distinct 
taxonomic Populations. Until that time it may be assumed that the differ¬ 
ences are only incidents of sampling from a single normally variable Popu¬ 
lation, and that the zapoie bianco , the zapoie Colorado of upland and of 
akalche, and the zapote morado , as occurring in northern British Honduras, 
are conspecific. 

The characterization of the leaves of this entire Population of 35 trees, 
as expressed by the means, ranges, standard deviations, and standard errors 
of tables 2 and 3. are estimates of the normal variation of the species. Such 
statistics can serve as a basis of reference for the future study of variation 
in normal Achras leaves in other parts of tropical America, especially in 
regard to other Populations that may be thought significantly different. 
New York, X. Y. 
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SUPPLEMENTARY NOTES ON ARCTIC AND BOREAL 
SPECIES IN BENSON’S “NORTH AMERICAN 
RANUNCULI” 

Nicholas Polunin 

In recent issues of the Bulletin 1 Dr. Lyman Benson of the University of 
Arizona has published a noteworthy series of five papers on those members 
of the genus Ranunculus which he recognizes as occurring in North America 
north of Mexico and including Greenland. From data which I have accumu¬ 
lated during field and herbarium studies extending over a period of more 
than thirteen years I should like, however, to add the following remarks 
about the more northerly ranging of these and some related entities. Further 
details concerning most of them may be found in my “Botany of the 
Canadian Eastern Arctic, Part I, Pteridophyta and Spermatophyta,” 2 here¬ 
after cited as “Bot. Can. E. Arctic I,” or in “Part IV, Subarctic Regions,” 
which now seems unlikely to be completed until after the war. 

Had Dr. Benson made it clear in his papers that his “conservatism in 
assigning ranges ... is in part a matter of policy” (Benson in lit.), some 
at least of these notes would have been superfluous; in the absence of any 
such statement made publicly they are all the more called for. Dr. Benson’s 
“belief that the published range . . . should be based upon the specimens 
the author has been able to examine himself” (Benson in lit.) is to be com¬ 
mended so long as it does not cramp the subject or seriously derogate the 
work of others and is moreover the stated reason for ignoring previous 
authoritative reports. In the absence of such a clear statement of policy the 
reader will be apt, and rightly, to expect all pertinent material to have been 
consulted, the previous reports if ignored to have been proved wrong, and 
the given range in the absence of any admission of doubt to be that known 
at the time of publication. Any lesser statement may be as misleading as, 
unfortunately, indiscriminate citation of ranges “from the literature” is 
liable to be. And so it is w r ith ecological habitats: one cannot rely on obtain¬ 
ing from occasional notes on herbarium labels a true conception of their 
ranges in the Arctic without knowing what any of those vast and variable 
regions are really like. Meanwhile it may be noted that I, too, when citing 
or repeating a report for which I have seen no supporting specimen assume 
it to be worthy of remark and investigation rather than necessarily correct— 
unless it is of a “non-critical” plant by a usually reliable, modern author. 

1 Bull. Torrey Club 68: 357-172; 477-490; 640-659. 3941. 69: 298-316; 373-386 

1942. 

2 Nat. Mu*. [Canada] Blill. 92, i-vi, 1-408. 1940. 
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Dr. Benson’s interpretation of many of the taxonomic entities he accepts or 
disallows is unexpected; but with such matters of opinion, as with incon¬ 
sistencies in capitalization, for example, I am not at present concerned. 

In writing thus I do not intend, where critical, to be so in other than a 
constructive and purely impersonal manner. Nor do I wish to detract from 
the value of Dr. Benson’s original observations and considered opinions but 
rather to make them the more usable. To such ends and in an attempt to 
guard against the repetition of certain errors and misconceptions I offer the 
following supplementary notes on those species (and a few others) with 
which my own studies have been concerned: to facilitate reference each 
species is introduced by a citation of the page on which it is treated by Dr. 
Benson within the two cited volumes of this journal. 

Vol. 68, p. 159. Ranunculus acris L. (s.l.) is also widespread in Asia. 
Whatever its position on the American mainland may be, it appears to be 
indigenous in Greenland as well as in Iceland (cf. M. P. Porsild, Medd. 
Grpnl. 92(1): 80. 1982). In Iceland as in Lapland it is to be found high up 
in the mountains, however little visited these may be. There seems, fortu¬ 
nately, to be no need to change the original (and evidently intentional) 
Linnaean acris to “acer,” since the former rendering, although somewhat 
inelegant, was used as a masculine by Quintus Ennius (289-170 B.C.) and 
also by Columella and many subsequent “writers of good Latin.” Dr. Ben¬ 
son employed the Linnaean acris but this has been so frequently changed 
(particularly of late on the Continent of Europe) that I felt prompted to 
consult several of Oxford’s most eminent classical scholars on the subject; 
all agreed that Linnaeus’s rendering was legitimate and should be retained 
(see International Rules of Botanical Nomenclature , ed. 3, Art. 70, 1935, and 
cf. p. 142, where “Ranunculus acris” is given as the “Proposed Standard- 
Species” of the genus). 

Vol. 68, p. 649. R. pedatifidus J. E. Smith apud Rees, Cyclop. 29(2) 
Ranunculus No. 72. 1814 (not 1819; see Jour. Bot. 34: 311. 1896). This is 
admittedly a bad complex, but, at least in the sense in which it is understood 
by Dr. Benson (who includes both R. affinis R. Br. and “its” var. leiocarpus 
Trautv. among other synonyms), it occurs in Spitsbergen as well as in north¬ 
ern Asia and America (including Greenland), and is thus virtually circum¬ 
polar in range (cf. Fernald, Rhodora 36: 94. 1934; and Bot. Can. E. Arctic 
I, 221, where additional ecological habitats are described). It has also been 
found in the Canadian Arctic Archipelago northwards to Harbour Fjord on 
the south coast of Ellesmere Island (Simmons, Vase. PI. FI. Ellesmereland, 
107. 1906), whence specimens are to be seen in the British Museum, Ivew, 
and Copenhagen Herbaria. (Specimens supporting very many of my other 
statements can readily be seen in the Gray Herbarium of Harvard Univer¬ 
sity or in some other major American institution.) Dr. Benson states that 
the type material of R. affinis came from Melville Island, but this is hardly 
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allowed for by the range * 4 Yukon to Baffin Island, Labrador . . . .”; nor 
is it necessarily true, it has seemed to me from a recent perusal of Parry's 
Journal in the light of all available facts (cf. Jour. Bot. 80: 87. “1942”). 
Again, “chiefly in the vicinity of Winter Harbour” refers to the totality of 
“Plants observed in Melville Island . . . by the Officers of the Expedition ” 
(R. Brown in Suppl. App. Parry's “Voyage for the Discovery of a North- 
West Passage, in the years 1819-20,” cclxi. 1824); it does not necessarily 
mean that 2?. affinis was collected at this place, however probable that may 
seem; nor is it likely that this plant, which is generally uncommon in the 
Par North, was collected by all of the officers mentioned! The related B. 
auricomus L. and its “var. glabrata Lynge” have been reported from East 
Greenland (Sorensen, Medd. Grpnl. 101(3) : 53-4. pi. 2, d. 1933). Con¬ 
cerning this question of whether or not R. auricomus occurs in North 
America, Dr. Benson (in lit.) agrees that although “the older reports were 
based upon confusion with other species” these of Sorensen may well prove 
to be correct. According to Britton & Brown (111. FI. ed. 2, 2: 104. 1913), 
Ranunculus auricomus is the type species of the genus. 

Vol. 68, p. 649. R. Sabmii li. Br., named after Captain Edward Sabine, 
and, like R. affinis , published in the Supplement to the Appendix to Parry's 
“1st. Voyage,” with little doubt occurs also on the mainland coast of North 
America (Hooker, PI. Bor.-Am., 1: 17, 1829; Macoun & Holm, Hep. Can. 
Arctic Exp. 1913-18, 5(A): 13. pi. 5, /. /. 1921). It is also said to reach the 
Rocky Mountains (Britton & Brown. 111. FI. ed. 2, 2: 108) and southward 
to Montana (Davis, Minn. Bot. Studies, II. 4: 489. 19(H), sub nom. R. pyg- 
maeus var. Sabinii ) or Nevada (Simmons, Vase. PI. FI. Ellesmereland, 112. 
1906), and has even been reported from the Taimyr Peninsula, Siberia, by 
Tol^atchew (Compt. Rend. Acad. Sci. U.R.S.S., A, No. 5, 108. 1930). 
Whether or not these claims can be substantiated it should be noted that 
according to Simmons (Vase. PI. FI. Ellesmereland, 113. 1906), who has 
probably observed more R. Sabinii in the field than any other botanist, it 
“prefers the fields of stiff clay.” With regard to the above rendering of the 
specific name, it now appears that, the many authors (including myself in 
Bot. Can. E. Arctic I) who have changed it to “Kabinei” have done so 
unjustifiably, as Robert Brown’s original “Sabinii” was not a “clearly 
unintentional orthographic error” ( International Rules , Art. 70) but appar¬ 
ently a form of Latinization which he later repeated (e.g., in Plcuropogon 
Sabinii) and to which many of his contemporaries adhered. 

Vol. 68, p. 652. R. Allenii Robinson I have recently found as far west 
as Port Harrison (lat. 58° 26' N) on the east coast of Hudson Bay. Towards 
its northern known limits it appears to be confined to grassy or mossy gullies 
and depressions, or sheltered banks which are likewise* deeply invested with 
snow in winter and remajn damp through much of the summer. The relation¬ 
ships of this to the last species and, through it, to the next three listed below 
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are still in need of elucidation (see Bot. Can. E. Arctic I, 219-20). Even if 
Robert Brown’s actual statement concerning B. Sabinii (Suppl. App. 
Parry’s “1st Voyage,” cclxiv. 1824) was “Planta inter R. nivalem et 
pygmaeam media in Herb. D. Sabine exstat” (sic), it seems to me that B . 
sulphur ms should be substituted for the former parent if B. Sabinii is 
indeed of hybrid origin. 

Vol. 68, p. 656. B. nivalis L. In my experience this species is more char¬ 
acteristic of temporarily inundated areas below melting banks of snow* and 
of mossy slopes where there is little competition from herbs of ranker growth 
than of “Arctic-alpine grassland” which, at least in an}" form that is 
familiar and thus termed farther south, is scarcely developed in the Far 
North. Not only is this term of problematical value, whether it be used for 
a habitat or for a general zone, but it can be rather misleading when applied 
to truly arctic regions. In English we should avoid unwarranted German¬ 
isms and write Wolstenholme (not Wohlstenholme), Spitsbergen (not Spitz- 
bergen), etc. In all of the thousands of living examples that I have seen, the 
fresh flowers of this species were bright yellow, becoming lighter in colour 
only when faded (contrast Britton & Brown, Ill. FI. ed. 2, 2: 107, whose 
figure is also rather misleading). 

Vol. 68, p. 656. B. sulpha rats Solander apud Phipps, Voy. N. Pole, 202. 
1774. Why “perhaps Iceland”—when so many reports of other species have 
been entirely ignored? 1 must take the liberty of refuting the contention 
that this species should be credited to Phipps alone, as the description was 
contributed by Solander. This is indicated by a MS belonging to the Depart¬ 
ment of Botany of the British Museum (Solander MSS, vol. 12, genus 2854). 
According to Mr. J. E. Dandy (in lit.), who was kind enough to make and 
send me from their war-time place of greater safety a copy of this MS and 
also of that of Afjrostis ahjida (Solander MSS, vol. 3, genus 361), there can 
be “little doubt that the slips kept by Solander . . . were not part of the 
MS sent to Phipps but were Solander\s own original notes which he kept for 
his personal use.” Thus these notes “contain numerous erasures, alterations, 
and additions”; to them have later been added the page citations in “Phipps 
it.”; and in the published version there appear further notes on the system¬ 
atic position of the plants instead of the place of collection, which was evi¬ 
dently considered unnecessary in a work on Spitsbergen. The only other 
major changes in the published version are in the sequences of words; but 
Mr. Dandy remarks (in lit.) that “Solander has placed small figures over 
the words of his MSS which apparently indicate the revised order which, 
after consideration, he preferred for publication.” Thus w'ere the plants of 
Phipps’ “Voyage towards the North Pole,” like many others of the day, 
identified and described not by a ship’s captain but by “Linnaeus’ favourite 
pupil” and Banks’ assistant Solander, concerning whose MSS Mr. A. J. 
Wilmott, Deputy Keeper, Department of Botany, British Museum, affirms 
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(in lit.) that positive knowledge of the relationship between them and the 
publications to which they gave rise has existed continuously in some quar¬ 
ters. Mr. Wilmott also contends that the case of R. sulphureus, like that of 
Agrostis algida, is covered by Art. 48 of the International Rules which state 
that “Where a name and description by one author are published by another 
author, the word apud is used to connect the names of the two authors. . . . ” 
As regards the type locality, this is not Low Island (off the coast of North 
East Land), but, according to Solander’s MS notes, “prope Smierenberg” 
[in the north-west of the Spitsbergen archipelago, probably on Amsterdam 
Island; see Lynge, Skr. Norske Vidensk.-Akad. I. Mat.-Nat. Kl. 1938 (6): 7] 
where, on Phipps’s return voyage, a fairly protracted stay was made for 
scientific work, and where 4 ‘Dr. Irving climbed up a mountain” (Phipps, 
Voy. N. Pole, 69). In this exposed region R. sulphureus is not infrequent 
and may be expected to be particularly plentiful in some situations; for, as 
I have noted in the course of my own travels there, an unusually large pro¬ 
portion of the lowland is occupied by the “boggy tundra” of which, at least 
in Spitsbergen and the Canadian Eastern Arctic, the present species is far 
more characteristic than is R. nivalis (contrast Benson l.c.). 

Vol. 68, p. 657. R. pygmaeus Wahlenb. In my material the petioles of 
the radical leaves, although usually ‘ ‘ 1-3.5 cm. long , 9 9 are sometimes 4 or even 
5 cm. in length. Again I would emend the “Arctic-alpine grass-land/’ as 
this tiny plant in the American Arctic is largely restricted to the little-vege- 
tated inner zones of late-lving snow patches where few other phanerogams 
persist and where the growing-season is so short that grasses, if any occur, 
are usually of insignificant development and fail to flower (apart from the 
diminutive * 4 Agrostis algida ” Solander apud Phipps). Farther south such 
habitats, and in them frequently R. pygmaeus , are found chiefly at rather 
high altitudes, e.g., in southwestern Greenland and in Iceland and northern 
Lapland. Neither in any of these places nor in far northern Canada or Spits¬ 
bergen have I ever seen the “pigmy buttercup” inhabiting “meadows”; it is 
remarkably intolerant of competition from larger plants, and, even in the 
Arctic, almost all vascular plants and many cryptogams are larger than it! 
In a recent paper (Am. Jour. Bot. 29 : 498. 1942) Dr. Benson has recorded 
R. pygmaeus var. petiolnlafus Fernald and R. verticcllatns Eastwood as con¬ 
fined, or nearly confined, to “Arctic Tundra” (as opposed to “Alphine 
Tundra” [sic] or other of his “subdivisions”). However, in proposing the 
variety Professor Fernald (Rhodora 19 : 138. 1917) expressly contrasted it 
with “typical R. pygmaeus of the Arctic regions, Labrador and the Canadian 
Rocky Mountains,” while recently (Bull. Torrey Club 68: 658) Dr. Benson 
indicated that this “var. petiolulatis Fern.” (sic) was still known only from 
Mt. Albert^ Gasp# County, Quebec: so evidently it ought to be excluded from 
the known flora of the Arctic. Somewhat similar remarks probably apply, 
though with less force, to R. verticellatus Eastwood; for Nome City (which is 
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not “at Cape Nome”), whence came the only known material of it (see Ben¬ 
son, Bull. Torrey Club 68 : 659), can scarcely be accepted as truly arctic. On 
the other hand, it would seem desirable to include in the flora of the truly 
arctic regions R. kamchaticus DC. and R. Camissonis 3 Sehlecht. (or, perhaps 
more elegantly, Schlechtend., not the misleading “Schlect”; Benson, Bull. 
Torrey Club 69: 378-9, and cf. Am. Jour. Bot. 29: 499); the former species 
reaches Port Clarence and the Teller Reindeer (not “Ranger”) Station (cf. 
A. E. Porsild, Rhodora 41: 165, 228. 1939) and the latter species is known 
from St. Lawrence Bay on the Siberian side and Cape Prince of Wales on 
the Alaskan side of Bering Strait, as well as from Little Diomede Island 
between these two stations (A. E. Porsild, Trans. Roy. Soc. Canada ITT. Sect. 
5,32:30.1938). 

Vol. 69, p. 306. R. Flammula L. var. filiformis (Michx.) Hook. ( R . rep- 
tans L.). I should have preferred to have followed Linnaeus (Sp. PI. ed. 1, 
549) and most subsequent authors in according this plant specific rank, even 
if it appears to “run into” R. Flammula in some places; otherwise we shall 
find ourselves, in the interests of consistency as botanical exploration goes 
on, prompted to unite more and more species which on most counts appear 
abundantly distinct. Whatever it be called, the present plant is circumboreal 
and wide-ranging latitudinally but except in Novaya Zernlva (Lvnge, Rep. 
Norwegian Exp. Nov. Zem. 1921, No. 13, 39. 1923) appears to reach only the 
southern fringe of the Arctic and there to be characteristic not so much of 
the “marshy ground of” lakes, streams, and ditches as of their actual beds, 
whether or not these dry out in summer (cf. Lynge l.c.). 

Vol. 69, j). 311. R. hyperborean Rottb. The “Island of Orbnland” is not 
only misquoted but seriously misleading. This species reaches all the major 
(and probably most minor) land-masses of the high-arctic regions and 
“varies greatly with the habitat, having long, trailing internodes and peti¬ 
oles when growing in water—in which case the leaves generally expand 
and float on the surface, so constituting in the Far North the only ‘floating 
leaf” type. On dry land the whole plant is much condensed, rarely rising 
more than a few centimetres above the surface of the ground, and having 
short internodes and much smaller leaves” (Bot. Can. E. Arctic I, 211-213). 
The species is almost as common in pools or creeping on wet mud in the 
mountains as on “marshy ground . . . near the sea”; it is hardly a plant 
of “grassland,” even where this is to be found in the Arctic. The var. 
Turquetilianus of my Bot. Can. E. Arctic I, 211, />/. 6, from the west coast 
of Hudson Bay, appears worthy of some mention. 

Vol. 69, p. 312. R. seeleratus L. Also in Asia. Scarcely arctic or nor¬ 
mally even subarctic, but not uncommon in freshwater pools at and around 
Churchill, lat. 58° 46' N on the west coast of Hudson Bay. Most individuals 

3 The original spelling and apparently an intentional form of Latinization; cf. £. 
Sab in ii (above) and see Hehlechtendal, Animadv. Bot. Rnmmc. Oand. 1: 12, 30. 1819. 
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there grow from 20 to 30 cm. high and appear to belong to the typical form, 
but one collection which I made during my first visit to Churchill in 1934 
has the leaf-characters of var. multifidus Nutt. 

Vol. 69, p. 313. R. Omelini* DC. var. tcrrestris (Ledeb.) L. Benson (jR. 
Purshii Richardson op. cit., p. 741; not 4 4 Richards, ’ 9 4 4 751 7 ’). Members of this 
complex of course occur outside of North America. The present one indeed 
persists, as Dr. Benson implies, well north in the West (cf. also Raup, Jour. 
Arnold Arb. 17: 254. 1936); at Churchill it is plentiful, growing luxuriantly 
and flowering and fruiting abundantly, while it also occurs somewhat farther 
north on the west coast of Hudson Bay, near the mouth of Seal River; see 
specimens in the New York State College of Agriculture at Cornell Uni¬ 
versity and in the Herbarium of the Academy of Natural Sciences of 
Philadelphia. 

Vol. 69, p. 314. R. Omelini var. yukonensis (Britt.) L. Benson is given 
as 4 4 northern coniferous forest” and later affirmed (Am. Jour. Bot. 29: 499. 
1942) as there “endemic or nearly so.” According to Mr. A. E. Porsild 
(Rhodora 41: 229. 1939, sub nom. R. Purshii subsp. yukonensis ), however, 
it would appear to extend far beyond the ill-defined limits of this “sub¬ 
division” of Dr. Benson’s “circumboreal flora.” 

Vol. 69, p. 375. R. Cymbalaria Pursh. Plentiful on the west coast of 
Hudson Bay around Churchill, and long known from West Greenland; 
forms belonging to its complex occur also in Scandinavia and, according to 
Hulten (Hist. Arctic & Boreal Biota, 103. 1937), in South America. 

Vol. 69, p. 379. R. glacialis L. The rather numerous claims of this 
species from arctic Canada are apparently all without foundation (cf. Bot. 
Can. E. Arctic I, 215-8). It is unknown from West Greenland, although 
w$espread on the east coast (cf. R. auricomus above). 

Vol. 69, p. 381. R. aquatilis L. var. capillaeeus (Thuill.) I)C. (R. iricho- 
phyllus Chaix apud Vill.). At least in the sense in which it is upheld by 
Dr. Benson (i.e., as including R. suhriyidus W. B. Drew), this is plentiful 
and grows luxuriantly at Churchill on the west coast of Hudson Bay; some 
of my material from there was verified by Dr. Drew himself as belonging to 
R. subrigidtis . Quite possibly referable here, too, are some of the representa¬ 
tives of the complex that occur in West Greenland (see below) ; others 
inhabit the southern hemisphere. 

Vol. 69, p. 383. R. aquatilis var. eradicatus Laestad. (R. trichophyllus 
var. eradicatus [Laestad.] W. B. Drew). Also found in shallow eddies in 
streams. Persists far north of the line indicated by 4 4 Quebec to Labrador and 
Newfoundland” and also well north of any zone of extensive consolidated 
“grassland.” So variable in S. W. Greenland that I am still uneasy about 
my disposition of some of the forms that I collected in the Julianehaab dis- 

* The original spelling, which in this instance must be retained; see International 
Buies (as opposed to recommendations ). 
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trict in 1937; meanwhile it should be noted that, from farther north in West 
Greenland, Dr. M. P. Porsild (Medd. Gr0nl. 58: 77. 1920) has “with some 
hesitation’’ claimed R . divaricatus Schrank, whose synonymy suggests that 
the plant in question may well have been R. aquatilis var. capUlaceus (R . 
trichophyllus var. typicus W. B. Drew, Rhodora 38: 18. 1936), which is at 
least approached in the Julianehaab district (see above and in Jour. Linn. 
Soc. 52:385.1943). 

Vol. 69, p. 385. R. Pallasii Schlecht. This peculiar plant occurs also in 
the Canadian Arctic Archipelago (about 8 miles inland of Lake Harbour, 
Baffin Island; see Bot. Can. E. Arctic I, 210-211). Long known from Spits¬ 
bergen, Novaya Zernlya, and continental Eurasia; possibly circumpolar. 

Vol. 69, p. 385. R. lapponicus L. Also known from several parts of 
Baffin Island in the Canadian Arctic Archipelago (see Bot. Can. E. Arctic I, 
214). 

While I feel with Dr. Benson (cf. also Am. Jour. Bot. 27: 807. 1940) that 
these last two species are so distinctive as almost to demand erection as mono- 
typic subgenera, I cannot help recalling that, at least in Spitsbergen, they 
appear to hybridize rather freely; cf. also Resvoll-Holmsen, Svalbards Flora, 
40 (1927). However, we do not necessarily “lump” those genera of grasses, 
for instance, which are inter-fertile! With regard to the charming and 
appropriate name Copt id i uni , it seems clear that this should in the first 
instance be credited to Beurling (or, in view of the Amsterdam Congress 
changes in the International Rules , perhaps to Beurling ex N\mian) instead 
of to Nyman, though Dr. Benson (l.c.) may well be right in claiming it as 
his own (positive) subyenus. Thus Nyman already cited Beurling (“V. Cop - 
tidium (Bcurl.) . . . C. ranuneuloides Beurl.”) in his Consp. FI. Eur. 1: 
13 (1878), and this inadequate citation presumably had reference to Beur- 
ling’s much earlier but frequently overlooked “Plantae vasculares sen coty- 
ledoneae scandinaviae. ...” 1-69 (1859), on page 1 of which the name 
occurs twice. The first time it is used as a sectional (or subgeneric?) name 
immediately following the generic heading, as follows: “Ranunculus Linn, 
a. ? Coptidium. 1. R. lapponicus Linn.” This is followed by “b. Euranuncu- 
lus.,” there being only the one species under Coptidium. The query appar¬ 
ently expressed the author’s uncertainty as to whether Coptidium should 
not be upheld as a separate genus, or as a subdivision under Coptis , for the 
second occurrence of the name in this publication is as a generic one in a 
footnote (no. 10) following the “R. lapponicus Linn.” quoted above. This 
footnote reads as follows: “Ranunculi's socius invitus, familiarior Coptidi. 
Coptidium ranuneuloides Beurl. in herbar. propr.” (cf. Nyman, Consp. FI. 
Eur. 1: 13, but contrast Ind. Kew. 1: 611). 

Herbarium, Department of Botany, Oxford University 
Oxford, England 
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A REPLY TO DR. POLUNIN 

Lyman Benson 

Dr. Nicholas Polunin's article entitled “Supplementary notes on Arctic 
and boreal species in Benson's ‘North American Ranunculi' " is concerned 
primarily with habitat notes and range extensions based in part upon field 
studies in the eastern Canadian Arctic but largely upon published notes 
concerning the occurrence of species and varieties. He criticizes my work 
chiefly because I have not relied upon such notes and particularly upon those 
in his “Botany of the Canadian Eastern Arctic" in determining the ranges 
of species. However, he admits at the close of the introduction, “. . . I, too, 
when citing or repeating a report for which I have seen no supporting speci¬ 
men assume it to be worthy of remark aud investigation rather than neces¬ 
sarily correct. ..." 

My conservatism in assigning ranges not only to Arctic species but to all 
others is a matter of basic policy. It is my belief that in such papers as these 
the published range of a species or a variety, unless occasionally noted other¬ 
wise, should be based upon the specimens or living plants the author has 
been able to examine himself. Examples are as follows: 

1. R. pedatifidus J. E. Smith. Exact definition of this species is still a 
puzzle, and I should not attempt it without seeing more Old World material 
(practically impossible at present). Some of the Asiatic material I have seen 
indicates great variability, and I have seen only enough to convince myself 
that the group needs study. My conservatism in assigning it a range reflects 
etfution in dealing with an entity or group of entities in need of better defi¬ 
nition, and it accounts for omitting Spitzbergen, since I have seen no ma¬ 
terial from there. In short, I have given onl} r the range I know to apply to 
what I have believed to be R. pedatifidus , and I have taken no chance on 
confusion with other types. 

2. R. Sabinii R. Br. Despite'the note in Britton & Brown's Illustrated 
Flora (cited by Polunin) to the effect that R. Sabinii occurs in the Rocky 
Mountains, I know of no reason to believe that it does. Of course, it is possi¬ 
ble that, in reorganizing the Ranunculi at the New York Botanical Garden 
while I was there on a fellowship in the summer of 1935, I overlooked the 
specimens Britton had in mind or overlooked recording them. Many Ra¬ 
nunculi which do not occur there have been reported from the Rocky Moun¬ 
tains, and, as a matter of fact, allowing northern species an extension into 
the Rockies is much more Common than the facts would w arrant, despite the 
relationship of the boreal flora to that of the Rocky Mountain System (cf. 
L. Benson, Am. JourrBot. 29: 494. 1942). Davis’ monograph of the North 
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American Ranunculi, published in 1900 and cited by Polunin to the effect 
that R. Habinii occurs in Montana, seems to be largely a compilation. The 
chances of the plant’s occurring in Nevada may be one in a hundred, at most. 

3. R. AURicoMUs has been reported a number of times to occur in North 
America, but the older reports were based upon confusion with other species. 
I see no reason why the plant should not be found to occur in Iceland or 
Greenland, and I have no reason to question Sorensen’s identification of his 
specimens, but still I do not believe I should accept such reports without 
seeing the specimens myself. This does not reflect in any way upon the 
authors of the many notes I have come across in the literature, for in numer¬ 
ous cases, which I have been able to investigate, the notes are correct. How¬ 
ever, the genus Ranunculus is a difficult one, and my interpretation of many 
entities is new. Consecjuently, I have not felt it advisable to accept anyone 
else’s interpretation of a plant as being necessarily identical with my own. 
The result in many cases is understatement of the actual range of a species 
despite published notes to the contrary. A study of the confusion of names 
on specimens of Ranunculus in practically any large herbarium should be 
adequate to show the necessity for this policy. Except in a few especially 
well kept local or regional herbaria, the number of names in agreement with 
those I have selected is probably less than 35 per cent, although many of the 
names actually used are synonyms. The confusion of plants reported in the 
literature is not so great, but experience has shown it to be considerable. 

4. R. Cymbalaria Pursh. According to Polunin “. . . long known from 
West Greenland; forms belonging to its complex occur also in Scandinavia 
and, according to Ilulten . . ., in South America.” The folly of adding this 
sort of a synthetic range to R. Cymbalaria should be obvious from the fol¬ 
lowing: (1) The type occurring in West Greenland is most likely to be not 
typical R. Cymbalaria at all but the var. alpina. (2) I have seen no speci¬ 
mens from Scandinavia, but the fact that they belong to the same complex 
as R. Cymbalaria is neither here nor there. In my personal herbarium and 
elsewhere there are numerous collections of members of the complex from 
Tibet, the Himalaya Mountains, and western China, but none of these is 
typical R. Cymbalaria , and some seem to represent a separate species while 
others seem to be between the typical variety and var. alpina in many ways 
but with characters of their own. The Scandinavian plants may be more 
closely related to these Asiatic ones than to R. Cymbalaria or different from 
either. (3) The South American plant is R . tridentatus H. B. K., distinctly 
different in the specimens I have seen from R. Cymbalaria , but related to it. 

In the discussions of R. nivalis and R. pygmacus and elsewhere. Dr. 
Polunin takes exception to the term 4 ‘Arctic-alpine grassland.” It is to be 
noted that I have abandoned it already (Am. Jour. Bot. 29: 494. 1942), and 
in view of this I did not suppose he would wish to bother with further dis- 
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cussion. The references to vegetation types appearing in the articles in this 
Bulletin are either the divisions recognized by Shantz and Zon (Natural 
Vegetation. Atlas of American Agriculture. U. S. Dept. Agr. 1924), or slight 
modifications of them. Shantz and Zon dealt only with the United States, 
and “Arctic-alpine grassland ’ 9 is merely an extension of their term ‘ 1 Alpine 
grassland.” I agree with Doctor Polunin that the term is inapplicable. On 
the other hand, I am not wholly certain that “ Arctic tundra and grassland” 
would not be a better term than “Arctic tundra,” the term I have adopted 
more recently. Use of the term “tundra” in the more recent publication is 
an adaptation from Weaver and Clements (Plant Ecology, ed. 2. 1938). As 
it is used here “Arctic” does not mean about the Arctic Sea or within the 
Arctic Circle. It refers to a broad vegetational area. Dr. Polunin has over¬ 
looked the fact that whatever term may be employed is adopted to refer to 
the general region above or beyond timber line and the meadows about 
timber line and not to the habitat of the specific plant. As an example from 
another vegetation type, a particular species occurring in the western United 
States may grow in some places among quaking aspens, yet we might desig¬ 
nate it as a plant characteristic of yellow pine forests as opposed to sage¬ 
brush desert, juniper-pinyon woodland, or oak woodland. This is because in 
many parts of the West the quaking aspen occurs largely in wet places sur¬ 
rounded by drier forests of Pinus ponderosa ; in other words, although it 
may occur in pure stands, quaking aspen does not form a major vegetation 
type but merely indicates a local condition within a general type. My use of 
the term alpine tundra refers to the areas above timber line in the moun¬ 
tains of the Par West. So far as Ranunculus is concerned, the species occur¬ 
ring in the alpine areas of the northeastern United States and adjacent 
Canada are with those occurring beyond timber line to the northward. For 
this reason the areas in the Northeast are lumped with those of the far north, 
despite the fact that other elements of their included vegetation are not all 
in agreement with Ranunculus. 

At various points (e.g. under R. Allcnii and R. hyperbore us) Dr. 
Polunin bases criticisms upon matters quoted from the original statements 
of distribution of species and offered by the writer merely as material of 
possible help in determining the type collections. That under R. hyper - 
boreus the data following the heading “type collection” should be taken as 
a statement of the known distribution of the species at present and criticized 
as misleading and inadequate and that in the discussion of R. Sabinii (under 
R. Allenii) similar data should be taken apparently as an argument con¬ 
cerning the hybrid origin of the species makes refutation of such points 
unnecessary. 

It is with a feeling of disappointment that I find Dr. Polunin’s valuable 
and long-continued observations on Ranunculus in the Arctic appearing 
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merely as a list of supplementary notes correlated with a review of my per¬ 
sonal errors, such as accidental misstatement of a title, overlooking of two 
commas replacing periods after abbreviations, insertion of an unnecessary 
h in Wolstenholme, and omission of the newly published R. hyperboreus var. 
Turquetilianus Polunin because my note to the editor arrived too late to be 
inserted. Naturally I regret these errors, but I regret still more finding them 
used in an article in such a way as to overshadow the original observations 
of an eminent explorer and author. 

Department of Botany, College of Agriculture and Agricultural 
Experiment Station, University of Arizona 
Tucson, Arizona 
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RESPONSE OF PYTHIOMORPHA GONAPODYIDES 
TO MANGANESE 

William J. Robbins and Annette Hervey 

In experiments in this laboratory on the nutrition of fungi extensive use 
has been made of a medium containing magnesium sulfate, potassium di¬ 
hydrogen phosphate, dextrose, and asparagine. This medium was used by 
Schopfer in his studies on Phycomyces (3), and in it Phycomyces grows 
quite satisfactorily if the chemicals used are of the customary C.P. grade. 
We have assumed that iron, zinc, manganese, and other supplementary 
mineral elements were furnished by the traces present as contaminants in 
the constituents of the nutrient solution. However, in most of our experi¬ 
ments we have added to the original medium a mixture of mineral supple¬ 
ments in order to insure their presence. 

Although Phycomyces grows well in the unsupplemented medium we 
experienced difficulty in cultivating Pythiomorpha gonapodyidcs unless the 
mineral supplements were added. This difference in the response of two 
species of fungi indicated by our preliminary observations seemed worthy of 
further investigation. The results presented in this paper show that 
Pythiomorpha gonapodyidcs is especially sensitive to a lack of manganese. 

MATERIALS AND METHODS 

The fungi used were Pythiomorpha gonapodyidcs , Phycomyces hlake - 
sleeanus (+), and Aspergillus itiger. The first two organisms have com¬ 
plete deficiencies for thiamine. Phycomyces grows if furnished the 
pyrimidine and thiazole intermediates of thiamine; Pythiomorpha is able 
to synthesize the thiazole portion of the thiamine molecule, but must be 
supplied with the pyrimidine half (1, 2). Aspergillus is autotrophic as far 
as thiamine is concerned. 

All three fungi were grown dt 25° C in 125-ml. Erlenmcyer flasks each 
containing 25 ml. of a basal liquid medium. The basal solution contained per 
liter, 1.5 g. KH 2 P0 4 Sorensen (Mallinckrodt A.U.), 0.5 g. MgS() 4 7H 2 0 
(Mallinckrodt A.R.), 50.0 g. dextrose (Corn Products Co. C.P.), 2.0 g. 
asparagine and 400 mp moles of thiamine (Merck synthetic). The asparagine 
was purified by treatment with norit A and recrvstallization from alcohol. 
The mixture of mineral supplements used was prepared by adding to 100 
ml. of distilled water 5.7 mg H 3 BO a , 15.7 mg. CuS0 4 5H 2 (), 140.4 mg. 
Fe(NH 4 ) 2 S0 4 6H 2 0,10.8mg. Ga 2 (80 4 ) 3 18II 2 0, 8.1 mg. MnS0 4 4II 2 0,3.0 
mg. acid molybdic 85%, and 79.0 mg. ZnS0 4 7H s O. The addition of 0.5 ml. 
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of this mixture 1 per liter of solution gave the following trace elements in 
p.p.m.: 0.005 B, 0.02 Cu, 0.10 Fe, 0.01 Ga, 0.01 Mn, 0.01 Mo, and 0.09 Zn. 
These quantities are later referred to as lx supplements; twice these quan¬ 
tities, as 2x supplements, and one-fifth, as 0.2x supplements. 

Bits of mycelium were used in inoculating cultures of Pythiomorpha . In 
the early experiments irregularities were observed which were traced to 
differences in the viability of the inoculum. For example, mycelium removed 
from the center of a colony frequently failed to grow. After some trials it 
was found that uniform results were obtained when the inoculum was taken 
from the edge of a colony 2 or 3 days old, grown in a liquid medium. Some 
further refinements in inoculation are given in connection with the indi¬ 
vidual experiments. 

Dry weights were obtained by drying at 100° C after filtering the 
mycelium into Gooch crucibles and washing with distilled water, or by 
washing the mycelium with two changes of distilled water, pressing dry 
with the fingers and drying in aluminum pans. 

All glassware was Pyrex. It was cleaned with chromic-sulfuric acid 
cleaning mixture, thoroughly rinsed with tap water and distilled water, 
and drained dry. The solutions were sterilized by autoclaving at 13 lbs. 
pressure for 25 minutes. 


EXPERIMENTAL RESULTS 

The Effect of Mineral Supplements on P. gonapodyides. In a pre¬ 
liminary experiment various amounts of the mineral supplements were 
added to the basal medium. The cultures were inoculated from a four-day- 
old culture grown in the basal medium plus 2x supplements. The pieces of 

TAHEE 1. 4 verage dry weight (5 cultures) of P. gonapodyides grown 8 days in 
th< solutions indieatfd. 

Growth in the basal solution was the result of transfer of mineral supplements with 
inoculum, Compare with table 2. 


Addition to 
basal solution 





Av. dry wt. 
in mg. 

No addition 

0.2x supplements 
lx supplements 
-x supplement* . 





30.0 

. 41.0 

. 79.3 

. 44.3 


inoculum were relatively large and no effort was made to remove the culture 
fluid retained by the mycelium used as inoculum. Dry weights of quintupli- 
cate cultures were determined after 8 days growth (table 1). It appeared 
that the lx amount of supplements was superior to the larger or smaller 
amounts. 

1 The mixture of mineral supplements is based on the work of Steinberg (4) with 
Aspergillus niger . Although boron has not been demonstrated to be required by the 
fungi it was added because of its essential character for higher plants. 
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However, greater growth occurred in the basal solution than was antici¬ 
pated from earlier observations. This was because of the mineral supple¬ 
ments carried over in the inoculum, as was demonstrated by the lack of 
growth in the basal solution when special precautions were used to minimize 
the carry over. For example, Pythiomorpha was grown in the basal solution, 
and in the same solution plus lx supplements. The basal solution was in¬ 
oculated from cultures 3 days old grown in the basal solution. The solutions 
containing supplements were inoculated from cultures 3 days old grown in 
the basal solution plus 2x supplements. Pieces of inoculum were used about 
2 mm. in diameter. These were taken from the edge of the colony and each 
piece was pressed against the side of the flask before it was transferred, in 
order to remove as much of the culture fluid as possible. Dry weights of 
quintuplicate cultures were determined after 48 hours incubation. 

Under these conditions very little growth occurred in the basal solution 
while in the same solution to which the mineral supplements were added 

TABLE 2. Average dry weight (5 cultures) of P. gonapodyides in four successive 
passages in the solutions given. 

Period of growth in each passage, 48 hours. 


Culture 

medium 


Av. dry wt. in mg. 
in passage 


12 3 4 


Basal solution . 0.4 0.0 0.8 0.0 

Basal solution plus lx supplements . 3.9 7.7 9.9 12.7 


the growth was quite satisfactory (table 2, Passage 1). Just before deter¬ 
mining the dry weights at the end of the first passage subcultures were made 
from each of the cultures in the basal solutions to fresh flasks of the same 
medium. This procedure was followed also for the basal medium plus sup¬ 
plements. The fungus failed to grow in the second passage in the basal 
medium but produced a greater dry weight in the supplemented medium 
in the second passage than it did in the first passage. For the third passage 
in the basal medium inoculum was taken from the cultures of the second 
passage in the supplemented medium. Again growth in the basal medium 
was slight, but it was excellent in the basal medium plus supplements. An 
attempt was made to subculture the growth of the third passage in the 
basal medium without success, while a further increase in dry weight was 
obtained in the fourth passage in the supplemented medium (table 2). 

This experiment, and others of the same character, demonstrated that P. 
gonapodyides would not grow in the basal medium prepared with chemicals 
of the purity customarily used in our laboratory provided suitable precau¬ 
tions were used to minimize the amount of the supplementary mineral ele¬ 
ments carried over from the old to the new solutions in making inoculations. 
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The addition of a mixture of mineral supplements to the basal solution al¬ 
lowed growth to occur. Which of the elements in the mixture of elements 
was responsible for this effect ? 

Influence of Iron, Zinc and Manganese on P. gonapodyides. A de¬ 
ficiency of iron or of zinc was suspected to be responsible for the failure of 
P. gonapodyides to grow in the basal solution. Preliminary experiments 
showed, however, that the addition of iron or of zinc, or of both elements, 
failed to correct the deficiency. Manganese, however, proved to be decidedly 
beneficial. The following experiment in which the three elements were used 
alone, and in various combinations, illustrates these statements. 

P. gonapodyides was grown in quintuplicate cultures in the basal me¬ 
dium, in the basal medium plus lx supplements, plus iron, plus zinc, iron 

TABLE 3. Average dry weights (5 cultures) of P. gonapodyides grown in the solu¬ 
tions indicated for four successive passages. 

Period of growth in each passage, 48 hours. 


At. dry wt. in mg. 

Additions to in passage 

basal solution - 

12 3 4 


None 

0.2 

0.0 



lx supplements 

. 0.9 

9.0 

16"4 

6.8 

Iron only 

. 0.2 

0.0 



Zinc only 

. 0.1 

0.0 



Iron nml zinc 

. 0.3 

0.0 



Manganese only 

. 3.8 

6.1 

12.3 

£ 8 

Manganese and iron 

. 3.4 

5.0 

9.6 

2.8 

Manganese and zinc 

. 6.4 

10.0 

15.3 

10.0 

Manganese, zinc and iron 

. 5.4 

4.5 

6.3 

4.7 


and zinc, manganese, manganese and iron, manganese and zine, and iron, 
zinc, and manganese. The iron, zinc, and manganese were added as they 
existed in the lx amount of supplements, that is, at 0.10 p.p.m.. 0.09 p.p.m., 
and 0.01 p.p.m., respectively. The solutions were inoculated from cultures 3 
days old grown in the basal solution plus lx supplements using the precau¬ 
tions previously described to minimize the carry over. Dry weights were 
determined after 48 hours. 

Growth was slight in the basal solution and in the basal solution sup¬ 
plemented with iron, with zinc or with iron and zinc together, and when 
transfers were made into the same solutions for the second passage no 
growth occurred in these media (table 3, Passage 1). Good growth developed 
in the solutions supplemented with manganese. Growth in the solutions 
supplemented with manganese and zine was still better and nearly as good 
as that obtained when the complete mixture of supplements was used. The 
addition of iron to the solutions fortified with manganese or with manganese 
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and zinc reduced the growth somewhat, suggesting that the amount of iron 
used may have been above the optimum for this fungus. The results ob¬ 
tained in the first passage were in the main confirmed in passages 2, 3, and 
4 (table 3). 

In general our basal solution appeared to lack sufficient manganese for 
the growth of P. gonapodyides . When adequate manganese was supplied the 
further addition of zinc improved growth materially, but zinc without 
manganese was ineffective. Manganese and zinc together were about as sat¬ 
isfactory as the complete mixture of supplements. Again, as in the experi¬ 
ment summarized in table 2, growth improved in later passages as compared 
to that obtained in passage 1. 

Optimum Amount of Manganese for P. gonapodyides. The optimum 
amount of manganese is probably affected by a number of factors; the 



Fig. 1. Average dry weights (5 cultures) of P. ponapodyidcH plotted against the 
manganese added in p.p.ni. to a basal medium. A, passage 2 (3 days growth); B, 
passage 3 (4 days growth); C, passage 4 (4 days growth). 

presence of adequate amounts of zinc in the culture fluid may be important 
as well as temperature, the character of the inoculum, the time faetor, the 
volume of the nutrient solution and other factors which need not be enu¬ 
merated here. Although no attempt was made to study the influence of these 
various factors our results indicate that the optimum addition of manga¬ 
nese to our basal medium probably lies between 0.01 and 0.04 p.p.m. This 
is illustrated by the following experiment. 

P. gonapodyides was grown in quintuplicate cultures in the basal me¬ 
dium and in the same medium plus 0.001, 0.01, 0.02, 0.04, 0.06, 0.08, and 
0.1 p.p.m. of manganese added in the form of manganese sulfate. The cul¬ 
tures were inoculated from a culture two days old grown in the basal me- 
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dium plus lx supplements. After 3 days of growth subcultures were made 
from passage 1 into similar media for passage 2. No dry weights were de¬ 
termined for passage 1. After 3 days subcultures were made for passage 3 
and dry weights were determined for passage 2. For passage 3 the period 
of growth was 4 days, and for passage 4 it was 4 days. The results (fig. 1) 
show .some unexplained irregularities, but indicate that with successive 
passages the optimum range for manganese tends to narrow and to be re¬ 
duced. It seems probable that for the continued culture of this fungus the 
addition of 0.01 or 0.02 p.p.m. of manganese to our basal medium would be 
most favorable. 

The quantity of manganese added to a single culture flask amounted to 
2.5 pg. for the media containing 0.01 p.p.m. Some growth through 4 succes¬ 
sive passages was observed with the addition of 0.001 p.p.m. It is evident 
that 0.25 pg. of manganese made the difference between failure to grow and 
continued survival. 



Fig. 2. Pythiomorpha gone pod yides growing in a basal solution with no added min¬ 
eral supplements. A, medium prepared with Baker’s analyzed magnesium sulfate; 
B, medium prepared with Mallinekrodt’s magnesium sulfate analytical reagent. Age 
5 days. 

Presence of Manganese in C.P. Chemicals. In the course of our in¬ 
vestigations excellent growth was obtained in one lot of the unsupplemented 
basal medium. It was found that in the preparation of this particular batch 
a sample of Baker’s magnesium sulfate C.P. had been substituted for the 
Mallinekrodt magnesium sulfate A.R. which had been previously used. A 
further investigation demonstrated (fig. 2) that the Baker salt contained 
sufficient manganese to permit satisfactory growth of P. gonapodyides , but 
the amount in the Mallinekrodt preparation was inadequate. The manufac- 
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turers’ printed labels gave the manganese content of the sample of Baker’s 
magnesium sulfate as 0.002 per cent, of Mallinckrodt’s magnesium sulfate 
as 0.0005 per cent. 

Relative Effect of Mineral Supplements on Pythiomorpha, Phy- 
comyces, and Aspergillus. The sensitiveness of P. gonapodyides to a de¬ 
ficiency of mineral supplements, especially manganese, suggested that the 
response of Phycomyces blakesleeanus and Aspergillus nigcr also should be 
determined under our conditions. It was found that both Phycomyces and 
Aspergillus grew quite satisfactorily in our basal solution through successive 
passages. For example, the average dry weights of quintuplicate cultures of 
Phycomyces in 4 successive passages in the basal medium (in which 
Pythiomorpha failed to grow) were as follows: 99.6 mg. (4 days growth), 
118.8 mg. (5 days), 140.4 mg. (6 days), and 105.9 mg. (5 days). 

TABLE 4. Average dry weights (4 cultures) of Aspergillus niger, Phycomyces 
blakesleeanus and Pythiomorpha gonapodyides in the third and fourth passages in a 
basal medium, and in the same medium plus manganese or a mixture of mineral supple - 
ments. 

Period of growth in each passage 5 days. 


Av. dry \vt. iiMng. for 


Addition to Aspergillus Phycomyces Pythiomorpha 

basal solution in passage in passage in passage 

3 4 3 4 3 4 

None . 80.4 126.5 104.9 117.5 0.0 0.0 

0.02 p.p.m. Mn . 105.9 169.7 123.1 122.8 44.9 91.3 

lx supplements . 180.8 216.4 108.1 147.1 48.0 45.8 


,Jn another experiment the dry weights of the three fungi we're deter¬ 
mined in quadruplicate cultures in two passages (3 and 4) in the basal 
solution, in the basal solution supplemented with 0.02 p.p.m. of manganese, 
and in the basal solution plus lx supplements. The period of growth in each 
passage was 5 days. 

The procedure followed in preparing the cultures for which the dry 
weights are given in table 4 was as follows: A flask of each type of solution 
was inoculated by a bit of mycelium from a culture 2 days old grown in the 
basal medium plus lx supplements. After 4 days subcultures were made 
from each type of culture medium into similar media. After 3 days growth 
in passage 2, subcultures were made for passage 3. After 5 days growth sub¬ 
cultures were made for passage 4. Dry weights were determined for passages 
3 and 4 after 5 days incubation. 

Pythiomorpha failed tojrrow in the basal solution, but both Aspergillus 
and Phycomyces grew quite satisfactorily in that medium through the 4 
passages. The addition pf the mixture of mineral supplements nearly dou¬ 
bled the growth of Aspergillus, made the difference between no growth and 
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substantial growth for Pythiomorpha, and had relatively little effect on 
Phycomyces. Supplementing the basal solution with manganese materially 
improved the growth of Aspergillus, but was not nearly so effective as the 
complete mixture of supplements; for Phycomyces the addition of man¬ 
ganese had relatively little effect; for Pythiomorpha manganese was as ef¬ 
fective as or more effective than the complete mixture. 

DISCUSSION 

In considering these results it should be remembered that our basal 
culture solution contained small amounts of manganese as well as other 
trace elements. The glassware was P.vrex, not quartz; the distilled water, 
while of good qualitv, was not redistilled; the chemicals were not purified 
by recrystallization or treatment with calcium carbonate. We were not con¬ 
cerned with the absolute necessity of any of the supplemental mineral ele¬ 
ments for any of the fungi, but with the question: Why did P. gonapodyides 
fail to grow in a medium in which good growth of Phycomyces and 
Aspergillus occurred? It is evident that a deficiency of manganese in the 
medium was responsible for this result; the quantity of manganese in the 
basal solution was adequate for Phycomyces and Aspergillus, but not for 
Pythiomorpha . 

Why should P. gonapodyides be so much more sensitive to a deficiency 
of manganese than Phycomyces or Aspergillus? Several possibilities may be 
suggested, for none of which we have direct evidence. The difference may 
be associated with a greater fixation of manganese in an unavailable form 
by the mycelium of Pythiomorpha than by that of either of the other two 
fungi. Such a situation might require more manganese to saturate the fixa¬ 
tion system and supply that needed in metabolism. On the other band, it is 
possible that the character of the metabolism differs in the three fungi to 
such an extent that more manganese is actually needed by Pythiomorpha 
than by Aspergillus or Phycomyces. The difference would not seem to be 
related to the solubility or insolubility of manganese in the culture medium. 
Our basal medium had an initial pH of between 4.5 and 4.7. Both Aspergil¬ 
lus niger and Phycomyces hlakesleeanus increased the acidity of the medium 
by their growth. Pythiomorpha , however, had little effect upon the reaction 
of the nutrient solution as shown by determinations of the liydrogen-ion 
concentration in cultures 2, 3, 5, and 7 days old. 

Another question which deserves consideration is why the amount of 
growth of Pythiomorpha should change in successive passages in the same 
supplemented medium. As a rule a marked increase was observed for the 
first three and sometimes four passages. The differences in the dry weights 
of Pythiomorpha in successive passages were not the result of minor dif¬ 
ferences in the composition of the solutions used, because all culture media 
for the successive passages in a particular experiment were aliquots of a 



266 


BULLETIN OF THE TORREY CLUB 


[Vol. 71 


single solution prepared and autoclaved at the beginning of an experiment. 
A comparable situation was not observed with Phycornyces or Aspergillus . 
We assume that by continued cultivation of Pythiomorpha in a suitable 
solution a situation could be reached where the growth would be constant in 
successive passages; but judging from our results, this w r ould require more 
than four passages. We might suggest that the phenomenon is associated in 
some way with the vigor of the inoculum. If so, it would seem further to be 
related most probably to differences in the activity of one or more enzyme 
systems, perhaps those with which manganese is associated. This possibility 
is suggested because the minuteness of the inoculum (a fraction of a milli¬ 
gram in dry w r eight) from which each culture starts would seem to require 
the intervention of some catalytic process to produce such differences in dry 
weight in successive passages as those noted (tables 2, 3). 

The inactivity of zinc when used alone, and its beneficial effect in the 
presence of manganese, is of interest also. This suggests that these two ele¬ 
ments play distinct roles in metabolism, a conclusion which follows also 
from the observations of other investigators that manganese cannot be re¬ 
placed by zinc. It suggests also that the function in which zinc is active 
cannot occur until that in which manganese plays its part takes place. 

In any event our results show that it is not possible to generalize from 
the requirements for mineral supplements of one fungus and apply the 
generalization too closely to others. 

SUMMARY 

The failure of Pythiomorpha gonapodyides to grow in a basal solution 
composed of magnesium sulfate, potassium dihydrogen phosphate, aspara¬ 
gine, and dextrose of C.P. grade plus synthetic thiamine was due to a lack 
of manganese. Phycomyees blakesleeanus and Aspergillus nigcr grew quite 
satisfactorily through four successive passages in the basal medium. The 
addition of zinc and iron, singly or together, to the basal medium did not 
induce growth in Pythiomorpha. Zinc was beneficial in the presence of 
manganese. 

New York Botanical Garden 
and 

Department of Botany, Columbia University 
New York * 
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THE BEHAVIOR OF EXCISED ROOTS OF HETEROTIC 
HYBRIDS AND THEIR INBRED PARENTS 
IN CULTURE 

W. Gordon Whaley and Alice L. Long 

In 1941 a series of experiments was begun to study early growth be¬ 
havior of certain hybrid and inbred strains of tomato and maize. Previous 
investigations by Ashby (1930, 1932, 1937), Murdoch (1940) and Whaley 
(1939) had indicated that much could be learned about the phenomenon of 
heterosis by investigating early post-embryonic growth. In this connection 
it was thought that cultures of excised roots would be of value since in the 
first passages they may be expected to show the influence of nutrient 
materials stored in the seed, and later they present a relatively uncom¬ 
plicated growth system in conditions that can readily be controlled. 
Accordingly two sets of cultures were begun, one of tomato and one of 
maize. Since the techniques employed differed somewdiat the data are here 
presented separately. 

TOMATO 

The tomatoes used were inbred lines of Li/copersicon esculentum kindly 
furnished by Mrs. Iva M. Burgess of the Maine Agricultural Experiment 
Station at Orono, Maine. One parent is designated as Red River, the other 
as Pritchard. Mrs. Burgess (1941) reported considerable hybrid vigor in 
crosses between these two lines and tests by the authors confirmed her 
findings. The seeds were sterilized by covering them with 95 per cent 
alcohol, transferring immediately to a 1 per cent solution of bichloride of 
mercury for one minute, and then rinsing in several changes of sterile w r ater. 
It is probable that this treatment was too severe, since it w r as much less 
satisfactory than the azo-saline one reported by Robbins (1941). However, 
enough seeds germinated for purposes of the experiment. Germination was 
obtained by placing the seeds on a sterile 1 per cent plain agar. The F, 
seeds germinated most rapidly and their roots grew' fastest. By proper 
timing it was possible to obtain the inocula from roots of approximately the 
same length. Five-millimeter terminal segments were cut with a sterile 
surgical scalpel from roots about 10 mm. in length. These were transferred 
to culture flasks. The basal nutrient solution contained per liter 0.333 g. 
Ca (NO,) 2 ; 0.063 g. MgS0 4 7H 2 0; 0.063 g. KNO< ; 0.042 g. KC,; 0.060 g. 
KH 2 P0 4 ; and 0.0025 g. Fe 2 (S0 4 ) 3 . All culture solutions contained 2 per 
cent C.P. cane sugar. For the first passages 0.001 g. of thiamine per liter 
w’as added. 
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TABLE 1. Average dry weights (mg,) of excised tomato roots grown in solutions 
supplemented with thiamine . 

Average of 5 roots. Growth period of 45 days for each passage. 


Passage 



.1 

2 

3 

4 

Bed Biver. 

1.3 

2.3 

2.2 

2.0 

Pritchard 

. 1.4 

1.9 

2.0 

2.5 

F 

. 3.3 

4.2 

4.9 

5.4 


The roots were grow r n in 50 ml. of solution in 125-ml. Erlenmeyer flasks 
kept in diffuse light at 20°-25° C. Sub-cultures were made at 45-dav 
intervals and at the same time each root sj^stem (minus a five-millimeter 
terminal piece removed as inoculum) was carefully washed and dried at 
100° C to furnish an index of growth. The amounts of growih attained by 
each of the lines in the first four passages are given in table 1. 

As in the data presented by Robbins (1941) for a cross between Red 
Current (Lycopersicon pimpinellifolntm) and Johannesfeuer ( L. esnt- 
lentuvn ), the roots of the F, which showed hybrid vigor in general vege¬ 
tative characters, grew^ consistently more rapidly in the cultures. The 
increase in growth during successive passages was probabh' at least partly 
due to temperature differences. All cultures were within the 5° C range 
but later passages were grown at the upper end of the range. There may 
also have been an adjustment period which reduced growth somewhat 
during the first passage. 

At the end of the fourth passage segments were transferred to solutions 
containing in addition to the thiamine 0.001 g. of pyridoxine and 0.005 g. 
of nicotinamide per liter. This final transfer was made in two different 
ways. Those roots designated as Set T in table 2 w T ere subcultured as outlined 

TABLE 2. Average dry weights (mg,) of excised tomato roots grown in solutions 
supplemented with thiamine, thiamine and pyridoxine, and thiamine , pyridoxine and 
nicotinamide. 

Growth period 45 days; 5th passage. Average of 5 roots. 



Thiamine 

Thiamine 

Pyridoxine 

Thiamine 

Pyridoxine 

Nicotinamide 

Set I 




Bed Biver . 

. 2.9 

3.1 

5.1 

Pritchard 

. 2.6 

4.2 

4.8 

F , . 

. 6.2 

10.8 

17.4 

Set 11 




Bed BiveT 

* 3.1 

3.4 

4.9 

Pritchard <. 

. 2.2 

5.1 

5.0 

Fi - 

... 6.8 

12.7 

19.1 
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above from different roots of the same stock, i.e., each root came from a 
different seed. Those designated as Set II were obtained by taking the 
apical segments of the main and lateral branches of the same root. Set II 
represents root clones while Set I represents different roots of the same 
genetic stock. Unfortunately the small number of roots used did not permit 
reliable determination of differences in amount of variation between these 
two sets. 

In both sets the two parents and the hybrid grew better with thiamine 
and pyridoxine, and still better with thiamine, pyridoxine, and nicotinamide 
than with thiamine alone. All the hybrid roots grew much more rapidly than 
those of the inbred parents. Even from so limited an experiment it is possible 
to draw some conclusions regarding the effects of the different growth sub¬ 
stances on the inbred and hybrid lines, llobbins (1941) made a good critical 
analysis of this question based upon his more extensive data. He found that 
the roots of one parent (Johannesfeuer) showed a greater response to pyri¬ 
doxine than those of the other (Red Currant). The roots of Red Currant 
showed a greater response to nicotinamide than those of Johannesfeuer. The 
present data seem to suggest that the roots of Pritchard respond better to 
pyridoxine while those of Red River respond better to nicotinamide. In con¬ 
nection with "he fact that the differences here are less distinct than those 
in Robbins’ data it should perhaps be remembered that the two inbred 
parents in this case are members of the same species, and hence, presumably 
less genetically different than a line of L. csculcntum and one of L. 
pimpinvllifolium. Robbins found further that when grown in solutions 
supplemented by all three growth substances one parent (Red Currant) 
tended to approach the hybrid in amount of growth. In the present experi¬ 
ments neithei parent showed an approach to the hybrid with any of the 
growth-substance supplements used. It is notable in fact, that with thiamine, 
pyridoxine, and nicotinamide growth of the hybrid roots was increased to 
almost three times what it was with thiamine alone, while that of each 
parent, was only about twice as great. These data furnish some evidence for 
Robbins’ idea that one of the factors concerned in heterosis may be the 
ability to synthesize or utilize certain growth substances and that hybrid 
superiority may be partly due in some instances to ability derived from one 
parent to synthesize or utilize to better advantage one group of essential 
substances, and from the other parent ability to synthesize or utilize a 
different set of essential substances. 

MAIZE 

Although it was recognized that maize roots are apparently not adapted 
to comparatively easy culture by the methods so far evolved, as are those 
of tomato, it was thought that an attempt to culture them might reveal 
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some data of interest. After several abortive essays a partially successful 
method was developed. The data contribute nothing toward the solution of 
how to grow‘maize roots in culture but they do seem to have some signifi¬ 
cance for certain aspects of the heterosis problem. 

Seeds were sterilized by soaking for two minutes in 95 per cent alcohol 
aiid then transferring to a 2 per cent solution of bichloride of mercury for 
two minutes. The seeds were then washed thoroughly in four changes of 
sterile water and germinated on moist filter paper in sterile Petri dishes. 
The roots were allowed to grow until a 10-millimeter segment could be cut 
from the apex for transfer to the culture solution. It was found that in 



Fro. ]. Average growth (length) of maize roots (line? 20, 21, and hybrids) in solu¬ 
tions supplemented with (A) thiamine, (B) thiamine and pyridoxine, and (0) thiamine, 
pyridoxine, and nicotinamide. Average of the first six passages, each passage of seven 
days; average of ten roots per passage. 

both crosses used the hybrid seeds germinated much more rapidly. To 
compensate for this growth difference and for individual variation from 
seed to seed within a strain, large numbers of seeds were started at pre¬ 
determined intervals. In this way 10-millimeter segments were all cut from 
roots of approximately the same length. Eighteen cultures of each strain 
were started, but measurements were made on only ten; the ten showing 
greatest growth being selected in each instance. Various basal media were 
tested, Pfeffer’s solution, which was also used in culturing the tomato roots, 
finally being chosen. Instead of sucrose all solutions contained 1.6 per cent 
dextrose arid were made semi-solid by addition of 5 g. purified agar per 
liter. (Purification of agar was by the pyridine-ethyl alcohol method out- 
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lined by Robbins and Ma, 1941.) Growth conditions were the same as 
those noted above. Subcultures were made at seven-day intervals since it 
was found that subculturing at frequent intervals resulted in better growth 
of all the roots. Since roots of the strains used are approximately the same 
in diameter and since no secondary roots were developed, length was chosen 
as the simplest measure of growth. Seeds of two crosses were obtained from 
Dr. D. P. Jones of the Connecticut Agricultural Experiment Station at 

* 



Fki. i\ Average growth (length) of maize roots (lines 14, 077, and hybrids) in 
solutions supplemented with (A) thiamine, (B) thiamine and pyridoxine, and (C) thia¬ 
mine, pyridoxine, and nicotinamide. Average of the first six passages, each passage of 
seven days; average of ten roots per passage. 

New Haven. The inbreds and crosses are designated as 20, 21, 20 X 21, 21 
X 20, and 677, 14 and 677 X 14, respectively. These crosses showed consid¬ 
erable hybrid vigor under both field and greenhouse conditions. 

With these roots culture solutions were augmented from the beginning 
with thiamine, thiamine and pyridoxine, or thiamine, pyridoxine, and 
nicotinamide in the amounts of 0.001 g., 0.001 g., and 0.005 g. per liter, 
respectively. Figures 1 and 2 show average growth of ten roots of each 
type during the first six passages. To those roots whose growth is repre- 
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sented in block A thiamine was added; to group B thiamine and pyridoxine; 
to group C thiamine, pyridoxine, and nicotinamide. In the 20, 21 material 
the addition of pyridoxine to cultures already containing thiamine caused 
a marked growth increase in roots of both hybrids and inbreds. This increase 
appeared to be absolutely, and not relatively, about the same in all strains. 
The condition would seem to indicate a pyridoxine deficiency in both 
parental strains and their hybrids. The addition of nicotinamide, in the 
concentration used, to cultures containing both thiamine and pyridoxine 
brought about a marked reduction in root growth as compared with that 
in cultures containing thiamine and pyridoxine. The amount of growth in 



Fig. 3. Average growth (length) of maize roots during each of the first six passages. 
Average of ten roots in each passage; passages of seven days each. Cultures supple¬ 
mented with thiamine and pyridoxine. 


cultures containing all three substances about equaled that in cultures 
containing thiamine alone. Further experimentation would be necessary to 
discover the reason for the inhibition of growth by nicotinamide. 

The roots of lines 677 and 14, and the cross 677 X 14 reacted in a 
somewhat different manner. As in the above experiment the hybrid roots 
here consistently grew better than those of the inbreds. The actual hybrid 
advantage above either the average of the parents, or the better parent is 
higher in this case than in the preceding one. When cultures containing 
thiamine, and pyridoline were compared with those containing thiamine 
alone in this case it^was seen that the growth of one parent (14) and the 
hybrid (677 X 14) was increased. The growth of the roots of the other 
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inbred (677) was decreased. The further addition of nicotinamide again 
had the effect of limiting growth, but not quite as uniformly as in the 
previous cross. One inbred (14) was decreased but little, its growth being 
still greater than with thiamine alone. The other inbred (677) was de¬ 
creased very markedly, its growth being less than half that with thiamine 
alone. The hybrid was decreased by about the same amount as in the 20 X 
21 cross. 

The data seem to indicate that 14 and 677 X 14 are deficient in 
their ability to synthesize pyridoxine. The significance of the reaction of 
677 is not suggested. This inbred line was difficult to handle in all the 
experiments. Germination was slow, and the percentage very low. Even the 
best cultures showed a tendency toward lateral branching characteristic of 
inhibited growth. 

Figure 3 shows the average growth of ten roots of each line during 
each of the first six passages. These cultures were supplemented with 
thiamine and pyridoxine, since this combination generally gave the best 
growth. The inadequacy of the method is disclosed by the manner in which 
the growth diminished from one passage to the next. It is significant, 
nevertheless, that growth of the hybrid roots decreased to a lesser extent 
and less rapidly than that of the inbreds. The hybrid 677 X 14 was 
particularly outstanding in this respect. Roots of this plant made by far 
the most satisfactory growth. Of all the plants used only this one made 
satisfactory growth beyond the sixth passage. 

DISCUSSION 

The use of excised roots permits study of certain metabolic processes 
under conditions much less complex than those encountered with intact 
plants. The data presented here indicate that heterosis produces hybrid 
vigor in small portions of roots grown in culture media under laboratory 
conditions. This fact is revealing with respect to the physiological mecha¬ 
nism responsible for hybrid vigor. It allows elimination of some factors as 
being of primary importance in the production of hybrid vigor. Ashby’s 
work (1930, 1932, 1937) indicated that photosynthesis played no part in 
the hybrid advantage in either maize or tomato. The present data certainly 
show that hybrid vigor is developed without photosynthesis. (Data to be 
published subsequently show that photosynthetic differences may increase 
the relative amount of hybrid vigor.) The gas exchange incident to photo¬ 
synthesis, and the various translocation factors are also eliminated here. 
Ashby finally decided upon the size of the meristematic mass within the 
embryo as the immediate causal agent. He was primarily concerned with 
the stem apical meristem since this is the source of the bulk of plant tissues. 
In root cultures the only continuing meristematic mass is the root meristem. 
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Histological examination of the root tips in the present study revealed no 
size differences among the different root meristems. The “meristematic 
mass” influence is therefore ruled out in this case. Nutrient materials 
derived from the seed are also ruled out for quantitative considerations. 
The original apical segments were cut from the roots before the available 
nutrient material in the seeds was exhausted. In intact plants the hybrid 
might gain an advantage by a longer endosperm nutrition period during 
the early seedling stage. In the tomato and maize strains tested, hybrid 
vigor cannot be directly dependent upon this factor. There still remains the 
possibility of qualitative influence of seed-stored nutrient materials. Certain 
substances might be more readily available to the hybrid embryos, or be 
of greater potency. In tomato this seems a very remote possibility in relation 
to the better growth of the roots in culture. Each root segment was allowed 
to grow for 45 days before subculturing. In the fifth passage, 180 days 
from germination of the seed, the roots were still making relatively the 
same amount of growth as in the first passage. Seemingly any advantage 
arising from qualitative differences in seed nutrients would have disap¬ 
peared long before this point was reached. The behavior of the corn roots 
in culture makes an evaluation of this factor more difficult. The diminution 
of growth in progressive passages might suggest that some essential sub¬ 
stance is derived from the endosperm, and that the original amount dimin¬ 
ishes in each passage. That the continued advantage of the hybrids during 
successive passages depended altogether upon greater availability of this 
substance seems again unlikely. 

The data are best interpreted on the assumption of fundamental meta¬ 
bolic differences between the inbreds and hybrids. In the tomatoes, roots of 
Prifchard were unable to synthesize pyridoxine in amounts sufficient to 
permit maximum growth. The roots of lied River had a like deficiency with 
respect to nicotinamide. Crossing produced hybrids in which the deficiencies 
of both parents were largely eliminated. The simplest genetic interpretation 
of this situation is that each parent is homozygous for a deleterious recessive 
factor—the inability to synthesize, or utilize enough of a certain substance 
or substances. These recessives appear to be at different loci in each parent 
since crossing masks their effects. This explanation may hold only for the 
experimental conditions maintained, but that does not affect its validity. 
Much the same interpretation may be made for the corn root cultures. Here, 
however, certain of the substances utilized to greater advantage by the 
hybrid may be derived from wdthin the system, perhaps from the endosperm 
instead of from the culture media. An exhaustion of such substances may 
partially account for the progressive diminution of growth in successive 
passages. It is probable that fundamental physiological differences are to 
be expected between two such plants. 
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The differences between the excised hybrid and inbred roots appear 
then to be fundamental differences in cellular metabolism. These differences 
in the efficiency of metabolism appear to depend partly, in turn, upon the 
supply, either internal or external, of certain essential substances. 

SUMMARY 

Excised roots of tomato and maize were grown in Pfeffer’s solution 
containing separately thiamine; thiamine and pyridoxine; and thiamine, 
pyridoxine, and nicotinamide. In cultures containing thiamine the roots of 
one inbred strain of tomato, Pritchard, responded better to the addition of 
pyridoxine. Those of the other, Red River, responded better to the addition 
of nicotinamide. The hybrid roots were better than those of either inbred 
in all culture media. 

Excised maize roots showed progressive growth diminution in successive 
passages in all media. The hybrids showed greater growth in each of six 
passages, and greater average growth than the inbreds. In cultures con¬ 
taining thiamine the parents anff hybrids of one cross, 20, 21, 20 X 21, 
and 21 X 20, showed increased growth in the presence of pyridoxine, 
decreased growth in the presence of pyridoxine and nicotinamide in the 
concentration used. The roots of the other cross reacted in a like manner 
but less consistently. 

It is suggested that the hybrid advantage derived from more efficient 
metabolism giving the hybrid roots greater ability to synthesize and/or 
utilize certain essential substances. 

Department of Botany, Barnard College, Columbia University 
New* York 
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FLORAL ANATOMY OF SOME SPECIES OF CORNUS 

Antoinette Miele Wilkinson 

INTRODUCTION 

This investigation of the genus Cornus is part of a study of members of 
the Cornaeeae, Araliaceae, Caprifoliaceae, and Rubiaceae. The purpose of 
the study is to discover, if possible, evidence indicative of the fundamental 
structure of the inferior ovary, and the relation of these families to one 
another and to other families. 

A review of the extensive literature on the nature of the inferior ovary 
by Miss Gertrude Douglas (6) has appeared in a recent number of the 
Botanical Review. This literature is also discussed, in part, in Mat'Daniels’ 
paper (10) on the structure of various pome fruits. However, with respect 
to the morphology of the Cornaeeae, publications are meager and have 
come primarily from the work of Horne (8), Martel (11), and Baillon (1). 
These publications will be considered in the discussion. 

MATERIAL AND PROCEDURE 

So far as possible, living material of buds, flowers, and young fruits was 
used in the preparation of slides. 

Fresh material was killed and fixed in F.A.A. made up with 70 per cent 
ethyl alcohol (3). After having been washed with 70 per cent ethyl alcohol, 
the material was placed first in 83 per cent, then in 95 per cent ethyl alcohol. 
Dehydration was completed by successive immersions for an hour in each of 
the following mixtures: 

95 per cent ethyl alcohol 3 parts 1 part 1 part 
Tertiary butyl alcohol 1 part 1 part 3 parts 

Several changes in pure tertiary butyl alcohol followed, before the material 
was gradually infiltrated with paraffin. 

Herbarium material was first softened in a solution of 1 per cent NaOH 
or KOH for 12-24 hours, then washed in running water 12 hours. Dilutions 
of ethyl alcohol were used to dehydrate, after which dehydration and 
infiltration proceeded as above. 

A rotary microtome was used for sectioning and the sections mounted 
serially. Miss Jackson’s crystal-violet-erythrosin schedule (9) was used 
with slight modifications. In staining herbarium material, a mordant was 
necessary to secure adequate*differentiation. Before being stained in crystal 
violet, therefore, the slides were placed in a 1 per cent aqueous solution 
of chromic acid. 
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No less than three and an average of five serials of each species, were 
examined. Because of the anatomical variability found, the actual number 
of flowers of each species is of interest; these numbers are as follows: 


C. florula 4 
(7. mas 5 
C. canadensis 4 
(7. suecica 9 
C. controversa 5 
C. alternifolia 5 
C. oblonga 3 
C. Drummondi 5 


0. brachypoda 4 
C. glabrata 3 
C. racemosa 4 
C. stricta 4 
C. alsophila 5 
C. rngosa 5 
C. Amomum 5 
C. stolonifera 8 


In all, sixteen species of the genus were sectioned and studied. These 
comprise a third of the genus, and were selected to represent as many 
subgroups in the genus as possible. Herbarium sheets of the species are 
cited. 


GENERALIZED FLORAL ANATOMY 

In gross morphology, the flower of Cornus is 4-merous, generally perfect, 
and epigvnous. The bilocular ovary has a single style, and, pendant from 
the upper part of the septum, a single anatropous ovule in each locule. 

Although the floral anatomy indicates that the essential structure of 
certain gross features is different from the apparent structure, it does in 
general substantiate the gross morphology. To minimize repetition, and to 
establish a basic pattern for the description of the individual species, the 
floral anatomy of a generalized type is first described. This generalized 
flower type is characteristic of no particular species, nor is any anatomical 
feature described necessarily common to all the species studied. 

Beginning at the lower part of the receptacle, the vascular tissue is found 
to consist of a ring of several bundles. 1 These become organized into eight 
main bundles (fig. 5) which gradually and simultaneously proceed toward 
the periphery. Usually in the receptacle, but occasionally in the ovary 
proper, a ventral bundle separates centripetally from each of two opposite 
bundles. This bundle is composed of a ventral trace of one carpel and the 
adjacent ventral trace of the second carpel. These always run up in the 
wall of the ovary, at each end of the septum (fig. 3). Before reaching the 
region of ovular attachment, the ventral bundles fork radially (fig. 4) and, 
somewhat above this region, divide into several traces which form an arc 

1 The term bundle is here used in two senses: to mean a vascular cord morphologically 
composed of several traces, or the strand within the floral member. A trace is the vascular 
strand supplying an organ from its place of origin (often receptacle) to its entrance into 
that organ. To illustrate: the ovular bundle is the vascular supply within the ovule; the 
ovular trace is the vascular strand which runs from the ovule to the ventral bundle; the 
ventral bundle consists of two ventral traces which are morphologically distinct but often 
fused and histologically inseparable. See Enmes (7) for terminology. 
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running periclinally in the ovary wall (fig. 13). The outer traces arch and 
descend in the septum to the region of the funiculus, where each unites with 
the opposite trace of the corresponding carpel. The bundle resulting from 
the union enters the ovule (fig. 1). All but one or two of the intermediate 
branches also arch and descend toward the septum but terminate at various 
levels and at various distances from the ovary wall (fig. 1). The exceptional 
traces unite and turn in toward the center, where they enter the style and 
end in the lower half of the stylar column (not shown in figure 1). Within 
the ovule, the ovular bundle descends the length of the raphe, branching 
distally. In the upper part of the ovary, sometimes even above the locule, the 
dorsal traces separate from two opposite peripheral bundles of the ovary 
(fig. 2). When thej r reach the top of the ovary, they extend horizontally 
toward the style and enter it, continuing to the stigma and branching pro¬ 
fusely (fig. 2). In the lower half of the ovary, lateral traces of the carpel 
separate from the peripheral bundles. These proceed various distances up 
the ovary wall. Most of them bend centripetally at the top of the ovary and 
run horizontally: some of these end free; others join the dorsal traces. 

The eight main bundles remaining are the peripheral bundles. In the 
body of the ovary, these have a definite arrangement with respect to the 
ventral bundles. The bundles with which the ventral bundles are united at 
the base may still be more or less in the same radii as the ventral bundles 
(fig. 4); or they may shift periclinally in opposite directions so that they 
lie in the line of the locule (fig. 3). In either case, the remaining six bundles 
are accordingly disposed in radial symmetry. Since the change is secondary, 
and since the arrangement is not constant for a species, it seems of slight 
importance. Of the eight bundles, four are stamen bundles and the alter¬ 
nating four are petal bundles. Each stamen bundle divides tangentially. 
Of the two resulting traces, the centrifugal trace is the sepal trace; the 
centripetal, the stamen trace (fig. 26). The petal bundles, however, divide 
radially, cutting off a small trace on each side (fig. 26). The middle trace 
is the petal trace, and each of the lateral traces is a lateral trace of the sepal 
adjacent. The sepal supply, therefore, consists of the trace centrifugal to the 
stamen trace, plus the adjacent traces separated radially from the petal 
bundle on each side of the stamen bundle. In close succession, the sepal traces 
enter the sepals; the petal traces, the petals; and the stamen traces, the 
stamens. Within the sepal, the median trace is the strongest, the lateral 
traces being weak and scarcely entering the calyx lobe. Within the petal, the 
petal trace forks several times, resulting in a highly vascularized petal 
(fig. 6). The stamen bundle usually continues single in the filament. Above 
the departure of the traces* to the various floral cycles is a mouml-like 
nectariferous disc which consists of deeply-staining secretory cells (fig. 2). 
The disc, however, has ncr vascular supply. 
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Figs. 1-7. Coruna; Anatomy of tin* flower. Fig. 1. Ovular and ventral supplies. Ven¬ 
tral traces not bending centripotally in the receptacle; ovular traces arching in the septum, 
uniting with the opposite ovular trace of the same carpel; intermediate (vestigial) ovular 
traces also arching but ending in the septum. Fig. 2. Sepal, stamen and dorsal trace de¬ 
rived from a peripheral bundle of the ovary; distal branching of the dorsal bundles in the 
stigma; mound-like nectariferous disc above the ovary without vascular supply. FlG. 3. 
Ventral bundle composed of ventral trace of one carpel and the adjacent ventral trace of 
the second carpel; the ventral bundles are located in the ovary wall at each end of the 
septum; peripheral bundles with which the ventral bundles are united at the base are not 
in the same plane as the ventral bundles at this higher level. Fig. 4. Pair of “ foreign 99 
ventral traces in the ovary wall at each end of the septum; pair of peripheral bundles with 
which ventral traces are united at the base are in the same plane as the ventral traces at 
this higher level—this contrasts with the condition in fig. 3; branching of ovular bundle 
in the ovule. Fig. 5. Eight main bundles in the receptacle. Fig. 6 . Branching of the petal 
bundle after entering the petal. Fig. 7. C. florula . Stele of the receptacle differing from 
the condition in other species studied (fig. 5), in having numerous strands. 
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ANATOMICAL DESCRIPTION OF SPECIES 

A description of the anatomy of each species follows. If the anatomy 
resembles that of the generalized flower type, it is omitted. 

1. C. Florida L. A. Miele 283 (C). 

The receptacle of this species differs from that of the rest of the species 
studied in having a stele composed of numerous instead of several strands 
(fig. 7). Nevertheless, as in the other species, these become organized as 
eight bundles. In some specimens, the ventral bundles are cut off from the 
stamen bundle, in others from the petal bundle. Prom its origin, the ventral 
bundle continues fused to the region of ovular attachment, where it divides 
into its two component traces. Very shortly, each ventral trace bends inward 
and becomes an ovular trace to the ovule of its respective carpel. The ovular 
trace is an extraordinarily heavy one and it arches only slightly, extending 
almost horizontally in the septum (fig. 8). The fusion of the ovular traces 
of the same carpel before entering the ovule is very light, for the identity 
of the pair is apparent as they swing across the top of the ovule. Though 
the ventral traces usually terminate in the ovular traces, two specimens show 
a ventral trace continuing beyond the roof of the locule. Here the ventral 
bundle divides into three: two outer heavy strands, the ovular traces; and 
a slender middle strand, the ventral trace. In flowers with the ventral 
bundles associated with the sepals, the dorsal traces arise from the alternate 
sepal bundles; where the ventrals are associated with petal bundles, the 
dorsal traces arise from the remaining two petal bundles. In one flower, the 
dorsal trace of one carpel separates from the petal bundle, the dorsal trace 
of the other carpel from the sepal bundle. There are no lateral traces in this 
species. The sepal supply is the most extensive and complex of all the species 
studied. The bases of the sepals are united into a tube almost 1 mm. long. 
This is one-third the length of the calyx and is the most extensive fusion 
found. From both stamen and petal bundles, two traces are cut off radio- 
tangentially. These traces divide usually twice and the branches ascend in 
the calyx tube and anastomose somewhat (fig. 21). The species is rather 
conspicuous in the precocious division of the sepal and stamen bundles. 
This cleavage often occurs at a level below the roof of the locule; in two 
stamen bundles the separation occurs half-way down the ovary. The petal 
supply stands in strong contrast to the sepal supply in having the single 
petal trace divide into just three branches after entering the petal. 

2. C. mas L. A . Miele 281 (C). 

This species is somewhat intermediate between the preceding species and 
the pair of “herbaceous” species to follow. 

The ventral bundles usually separate rather high in the ovary from the 
stamen bundle. Though two flowers show one ventral bundle double and 
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one single, the usual condition is a fusion of the two unrelated ventral traces 
more than half the length of the ovary. After forking, the pair of ventral 
traces move apart in their ascent. When they reach the region of ovule at¬ 
tachment, they turn into the septum, without arching (fig. 9). As in C. 
florida, the ovular traces are very heavy (fig. 9). The ovular bundle does 
not branch. Surrounding each locule is a ring of large secretory cells (fig. 
36). The dorsal traces are weakly differentiated and arise from the petal 
bundles or stamen bundles according as the ventrals arise from these. Weak 
differentiation of a few other bundles in one ovary makes it difficult to ascer¬ 
tain whether they are ramifications of the dorsal trace, or weak lateral 
traces. The sepal supply of this species is not so complex as that of C. florida. 
The petal bundles behave like those of the generalized flower type. The 
stamen bundles, however, divide tangentially to produce either three sepa¬ 
rate strands or one strand with two lateral branches close to the base. Each 
of these lateral branches runs perielinallv in the ovary and unites with the 
adjacent sepal trace of the nearby petal bundle (fig. 23). 

Within the petal, the petal trace may remain single or divide to form 
three strands. 

One flower was found to be tricarpellary. It differs from the bicarpellarv 
flowers only in having three ventral bundles and three dorsal traces. 

3. C. canadensis L. A. Miele 285 (C). 

The ventral traces, usually separate for the greater part of their length, 
separate from the stamen bundles relatively high in the ovary—usually near 
the base of the locule and in one flower in the upper fourth of the ovary. 
As in the two preceding species the ventral traces terminate in the ovular 
traces. About level with the roof of the locule, these bundles arch and de¬ 
scend through the septum, each uniting with the corresponding ovular traces 


Explanation of figures S-18 

Variations in the ovular supply as seen in X-sections of the ovary. In these diagram 
the arching indicated in fig. 1 is telescoped onto one plane. Fig. 8. f. florida. Heavy, 
scarcely arching ovular traces. Fig. 9. C. mas. Heavy, slightly arching ovular traces. 
Fig. 10. C. canadensis. Ventral traces terminate in the ovular traces. (Vestigial ovular 
traces are drawn here for clarity and convenience); ovular traces heavy. Fio. 11 <w. 
C. suecica. Qr-c y stages found in different specimens showing the fusion of the pair of 
ovular traces supplying separate ovules, d, ovule supplied by ovulnr trace from one sid.* 
of the carpel only, the corresponding ovular trace not reaching into the septum; one ovular 
trace gives indication of branching, e, as in 1 Id, but all of the traces enter the septum. 
Fig. 12. C . controvcrsa . Light ovular traces which branch; vestigial ovular traces. Fig. 33. 
C. brachypoda, C. rugosa . Periclinal arc of bundles in the wall of the ovary; branching 
of the ovular traces; vestigial ovular traces. Fig. 14. C. racemosa. Heavy ovular traces; 
small vestigial ovular traces; narrow arc of bundles. Fig. 15. C. alsophila. Heavy ovular 
traces; vestigial ovular traces; arc of bundles. Fig. 16. C. stolonifera . Light ovular traces. 
Fig. 17. C. stolonifera. Branching of ovular traces. Fig. 18, C. strict a. Light ovular traces 
which branch. * 





Figh. 19, 20. Types of stylar canals. Fig. 19. 3-lobed stvlar canal. Fig. 20. 4-lobed 
stvlar canal. Figs. 21-30. Types of sepals and sepal supplies. The heavy stippling of the 
cuts indicates the extent of the calyx; the light stippling, the ovary proper. Outline bundles 
are petal bundles; solid black bundles are stamen bundles or traces; stippled bundles are 
sepal traces. In figs. 22-25, the union of the .sepal tract's derived from the stamen bundles 
and the adjacent petal bundles is not indicated since it is for so short a distance, and the 
sepal traces themselves quite short. Fig. 21. f. florida. Relatively long calyx tube; sepal 
traces cut off radio tangentially from the stamen and petal bundles; sepal traces branching 
freely and anastomosing in the calyx tube. Fig. 22. C. Drummondi . Sepal traces derived 
from both stamen and petal bundles; both branching. Fig. 23. C. mas, C. plabraia , C. 
brachypoda. Sepal traces derived from the stamen and j>otal bundles, the trace from the 
stamen bundle branching. Fig. 24a, b. f. stricta, a , single sepal trace from stamen bundle, 
two sepal traces from j>etal bundle. 6, branching of the sepal trace derived from the stamen 
bundle. Fig. 25. (\ racnnosa. Two unbranched sepal traces from stamen and petal bundles. 
Fig. 2f>. Arnomum. Typical 3-traced sepal—middle trace cut off centrifugally from 
stamen bundle; two sepal traces cut off radially from petal bundle. Fig. 27. C, canatlrnsis. 
C. stolon if era* (\ snecica. Sepal trace only from stamen bundle and this un branched. Fig. 
2#. (\ su erica. Sepal trace from one of petal bundles adjacent to sepal; no sepal trace from 
the stamen bundle. Fig. 29. C. controvrrsa , C. stotonifera. Single sepal trace derived from 
stamen bundle, but terminating in the ovary wall. Fig. 30. C. atternifolia, C. suerira, C. 
stolonifera . No sepal traces cut off. 
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(fig. 10). As in C. mas, the ovular bundle remains single. At opposite sides 
of the upper part of each locule in a line parallel with the septum is a band 
of enlarged cells. Also in the upper part of the ovary, showing no constancy 
in the bundles with which they are associated, the dorsal traces appear. 
The single sepal trace, which passes through the microscopic calyx tube 
and ends in the base of the calyx tooth, is derived from the stamen bundles. 
In this species, the petal bundles do not give off sepal traces (fig. 27). The 
petal trace continues unbranched in the petal. 

4. C. suecica L. Fernald & Wiegand 5965 (C). 

The ventral traces of (7. suecica , except for their union through most of 
the length of the ovary, resemble the ventral traces of the preceding species. 
This species, moreover, displays the most extreme fusion of the ovular traces. 
In it, the “foreign” ovular traces (those of the two carpels) are fused almost 
to the center of the septum where they separate in joining their “sister” 
ovular traces (those of the same carpel) (figs, lla-llc). In one extreme 
case, one ovular trace does not reach into the septum (fig. lid); in another, 
the ovular trace extending into the septum fails even to turn toward its 
respective ovule (fig. lie). As in C. mas and C. canadensis , the ovular bundle 
remains single. The dorsal traces usually arise from the petal bundles but a 
few' seem to be derived from the stamen bundles. Though in half the flowers 
examined, the sepal supply is similar to that of C. canadensis , the condition 
in the other half show’s interesting deviations from that of this species. 
In four flow r ers some (one, two, or three) petal bundles divide as well as 
the stamen bundles. Of these flowers, two have stamen bundles which do 
not divide. In the first such flower this is true of two stamen bundles, and 
the corresponding sepal either is without vascular tissue (fig. 30) or it derives 
its single trace from one of the adjacent petal bundles (fig. 28). In the 
second flower only one stamen bundle remains undivided. Here the supply 
to the corresponding sepal is again derived from the adjacent petal bundle 
(fig. 28). 

This last flower differs in another respect from the other flowers of this 
genus. Its ovary lacks a septum. At the base of the ovary is a septum 
separating the two small locules (fig. 31). Shortly, however, the septum 
separates into two protuberances extending from the ovary wall into the 
locule (fig. 32). Each of these projections is covered by an epidermis con¬ 
tinuous with that lining the ovary wall. These projections recede toward 
the ovary wall (fig. 33) and finally disappear so that in the upper half of 
the ovary there is no evidence of their presence below. There are no ventral 
bundles and no ovules in this ovary. 

In this species, the p£tal supply does not differ from that of C. canadensis. 
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5. C. controversa Hemsl. Steward & Cheo 231 (NY). 

This and the following species are the two alternate-leaved species in the 
genus. In this species, the ventral traces separate from the two opposite petal 



Flos. 31-33. C. suretra. Cross .station of tlie ovarv at throe successively higher levels 
showing incomplete soptation of the ovary—the septum complete at the base, but receding 
acropetally toward the ovary wall. In tig. 32, the appearance is that of two parietal pla¬ 
centae. Fig. 34. C. surciat. Cross section of ovary showing abortive carpel and ovule. 

or stamen bundles, and behave as described in the generalized floral type. 
Both these species differ from the opposite-leaved species studied in the 
shape of the septum in the upper part of the ovary. Whereas in transverse 
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section the septum of other species is usually a band of tissue separating the 
two locules, in this pair of species, the septum is swollen, each side pro¬ 
truding into its respective locule (fig. 38). Consequently, the locule appears 
as a narrow crescent. In the lower part of the ovary, the dorsal traces, 
together with numerous lateral traces, separate from the peripheral ring 
of bundles. Since these unite in varying degrees at the top of the ovary, it 
is difficult to decide how much of the dorsal strand in the style consists of 
the distal portions of one or more lateral traces. The calyx consists of a mere 
rim or short tube, which is scarcely perceptible maeroscopically. Moreover, 
the rim or tube is devoid of vascular tissue; for though in all the flowers 
examined some of the stamen bundles divide, all of the centrifugal traces 
so formed terminate in the ovary wall (fig. 29). In only one flower do all 
four stamen bundles divide; two flowers have three dividing. A flower with 
two and one with a single stamen bundle branching were also found. The 
non-dividing stamen bundles are as large as the dividing ones before the 
latter fork. None of the petal traces divides. 

6. C. alternifolia L.f. A. J. Fames 2957 (C). 

Since this species differs anatomically from the preceding one only in 
having certain characters more reduced, it will suffice to list these: 

1. The ventral traces are fused and break up into fewer traces at the 
region of ovule attachment. 

2. The ovular bundle remains unbranched in the ovule. 

3. There are fewer lateral traces. 

4. The dorsal traces separate from the peripheral bundles in the upper 
part of the ovary. 

4>. The stamen bundles do not divide (fig. 30). Though this is generally 
true, a few flowers show one or two stamen bundles dividing. For the most 
part, therefore, there is neither external nor internal manifestation of the 
calyx. Nevertheless, as in C. controversa, the stamen bundles are manifestly 
stouter than the petal traces. 

i 

7. C. obia>nga Wall. A. Henry 11,161 (NY). 

In the single bicarpellate specimen examined, the petal bundles give rise 
to the ventral traces. These differ from those of the generalized floral type 
in ending as mere stubs in the upper part of the ovary. The ovular supply 
also differs, for the ovular trace descends below the funiculus and then 
arches upward in entering the ovule. Poor differentiation makes it difficult 
to discern the association of the dorsal traces. The sepals apparently derive 
their supply from both stamen and petal bundles. 

The othejr two serials were buds of tricarpellary flowers (fig. 35). In one, 
two ventral bundles separate above the base of the locule and are fused as 
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far as the top of the ovary but the third originates double at the base of the 
ovary; in the other bud, the three ventral bundles are similar; each is com¬ 
posed of the ventral trace of one carpel and the adjacent ventral trace of the 
carpel beside it, and each arises at the base of the loeule. The ovular bundle 



Fid. 35. T. oblong a. Cross section of a tricarpellary ovary. Flo. 30. C. nwwj. Large 
secretory cells surrounding the locules. Fig. 37. C. Drummondi . 5-merous flower showing 
5 petals and 5 stamens. Fig. 38. ('. conlrorrrsa . Septum swollen at region of ovule attach¬ 
ment. 

is single. Poor differentiation again makes it almost impossible to determine 
with which bundles the dorsal and ventral traces are associated. The exact 
sepal situation is also obscure. Several of the stamen bundles resemble those 
of C. mas in their behavior. The petal trace forms about three strands after 
entering the petal. 
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8. C. Drummondi Meyer. C. 0. Deam 48559 (0) (as C . asperifolia). 

The ventral traces of this species, though extremely variable, seem to 

come principally from the stamen bundles and tend to be separate most of 
their length. Regularly, however, they enter the style. Though the dorsal 
trace seems to be associated with the stamen bundle in one flower, in others 
it is difficult to trace. Among the Thelycrania the sepal supply of this species, 
besides being variable, is the most extensive and complex (fig. 22); the sepal 
traces derived from the petal bundle often branch and the stamen bundle 
may divide radially as well as tangentially. The trace cut off tangentially 
may cleave into three branches as in C. mas (fig. 23), or it may give off just 
a single lateral branch. Various combinations and intergradations of these 
types of supply are encountered. 

One flower of this species is 5-merous (fig. 37). Since it has a bicarpel- 
late ovary, its carpellary supply is not unusual. The number of peripheral 
bundles in the body of the ovary, however, is ten instead of eight. Ana¬ 
tomically, therefore, it differs little from the general pattern in the genus. 

9. C. brachypoda Meyer. C. Y. Chaio 2632 (NY) (as C. macrophylla). 

In this species, the ventral bundle arises at the base of the ovary and 

the traces remain fused the greater part of their length. The supply there¬ 
after is that described for the generalized floral type (fig. 13). The dorsal 
traces separate from the two stamen bundles alternating with those from 
which the ventral traces arise. The sepal supply of this species resembles 
that of C . mas (fig. 23). 

10. C. glabrata Benth. A. Kellogg 1866 (C). 

The ventral bundles are quite variable in this species. In one flower, both 
ventral bundles arise at the base of the ovule; in two flowers, one ventral 
bundle separates in the lower part of the ovary, the other in the upper. All, 
however, are associated with stamen bundles and remain united to the top 
of the locule. Except that the ovular traces are only slightly bowed and 
scarcely arched, the ventral and ovular supply differs little thereafter from 
that of the generalized type. The absence of lateral traces aids in following 
the dorsal traces to their origin from the stamen bundles. The sepal supply 
is rather consistently like that of C. mas (fig. 23). All but one stamen bundle 
divide tangentially; the exceptional stamen bundle has a trace separating 
radially from each side. 

11. C. racemosa Lam. J. H. Kellogg 423 (C) (as C. paniculata ). 

The ventral traces separate at the base of the ovary from the stamen or 
petal bundles. The arc of ovule traces is not so wide as that of the generalized 
floral type nor do the v^ntrals enter the style (fig. 14). In the ovule, the 
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ovular bundle forks before dividing further. Since there are numerous 
lateral traces in this species, it is difficult to distinguish the dorsal traces 
from these. The sepal supply seems to be derived from one like C. mas . 
Instead of dividing tangentially to give a trace which gives rise to a lateral 
branch on each side, however, one or two stamen bundles in each flower cut 
off a trace from both ends (fig. 25). The plane of division may be tangential 
or almost radial. 

12. C. stricta Lam. W. S. Blatchley 39 (C). 

The ventral bundles of this species are even more variable than those 
of C, glabrata. They may separate in the lower or upper part of the ovary, 
from the stamen or petal bundles, or both; they may be fused up to the 
departure of the ovular traces—or one ventral bundle may be double, the 
other, united; finally, they may end in the ovary or enter the stylar column. 
The dorsal traces also arise either from petal or stamen bundles. There are 
no lateral traces in the carpels. Though the vascular supply to the sepal is 
very similar to that of C. mas , it differs in that a single bundle is derived 
tangentially from the stamen bundle (fig. 24a). This bundle then gives off 
a lateral branch on each side (fig. 24b). These side branches, like those of 
C. mas, unite with the adjacent trace from the nearby petal bundle. 

13. C. alsophila W. W. Smith. J. F. Rock 17,2X8, 16,112 (NY). 

It is the stamen bundles, in this species, which are united at the base with 
the ventral traces. The latter are sometimes fused, sometimes separate. 
Except that the ovular bundle branches sparingly, the behavior of the ven¬ 
tral supply is very similar to that in the generalized flower type (fig. 15). 
The rest of the earpellary supply consists of dorsals, which are difficult to 
follow to their origin. The sepal supply is sometimes like that of C. mas (fig. 
23), sometimes simply three-traced. 

14. U. nroosA Lam. Flora of Northern V. S. 376 (C) (as C. circinata). 

From their origin from the stamen bundles, the ventral traces remain 

separate and thereafter resemble the ventral traces of the generalized type 
in their behavior (fig. 13). The dorsal traces are associated either with the 
stamen or petal bundles, and like the laterals, are weakly differentiated. 
Unlike the sepal supply in most species described, the derivation of sepal 
traces from the petal bundles is quite similar to that of the stamen bundles, 
for usually each stamen and petal bundle gives rise to two sepal traces. 

15. C. Amomijm Mill. 

The ventral traces of this species resemble those of C. glabrata in their 
variability. Though they regularly arise from the petal bundles, they vary 
in the extent of union of the two unrelated ventral traces, for fusion of the 
traces both half the length of the ovary and the full length are encountered. 
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Moreover, in two flowers both conditions appear in the same ovary. The 
ovular traces are extremely heavy, and are bowed and arched only slightly 
as compared with the ovular traces in the generalized floral type. Within 
the ovule, the ovular bundle forks, then branches distally. For the most 
part, the intermediate strands of the ventral bundle are not distinct strands, 
for they join with the ovular traces and with one another. Because the cells 
of the ovary are abundantly supplied with mucilage, and since the mucilage 
stains with crystal violet as does the vascular tissue, the origin of the dorsal 
traces is obscured. However, in part of the serials examined, the dorsal traces 
seems to be connected with the petal bundles. Difficult to distinguish from 
the dorsal traces are a few lateral traces. The sepal trace is evidently derived 
from a three-traced type, i.e., one having a trace from the stamen and each 
of the two adjacent petal bundles. Yet it is evident from the diversity seen 
that the sepal supply is not yet stabilized; for though only one or two 
sepals in each flower are truly three-traced (fig. 26), there are various inter¬ 
gradations between a completely 3-traced sepal and a sepal with a single 
trace from a stamen bundle. One flower has one sepal 3-traced and the rest 
simulating a 3-traced supply with a branched trace from the stamen bundle 
similar to that of C. mas. 

16. C. STOLONIFERA Michx. 

In this species, the ventral traces usually separate at the base of the 
locule from the stamen bundles and continue fused for the greater part of 
their length. They may, however, separate at the base of the receptacle; 
they may be derived from petal bundles; and the ventral traces may be 
united and separate in the same ovar}% There are few intermediate ventral 
strands at the level of the funiculus and the ovular traces are rather light 
(fig. 16). The ramification of the ovular bundle is the most extensive en¬ 
countered (fig. 4). Rather peculiarly, the phloem of the ovular trace is on 
the adaxial surface of the carpel rather than the abaxial side, as might be 
expected. The dorsal traces diverge from the stamen or petal bundles. There 
are no lateral traces. Next to C. alter pi folia, the sepal supply is most reduced 
in this species. With the exception of a petal bundle which gives off a single 
trace radially, the petal bundles do not divide. With respect to the sepal 
traces from the stamen bundles, only two or three stamen bundles divide 
(figs. 27, 29, 30). These cut off a single trace which may enter the sepal or 
terminate in the ovary (figs. 27, 29). One stamen bundle was found which 
split into three branches. Within the petal, the petal bundle divides into 
several strands. 

DISCUSSION 

The marked variation in the floral anatomy of the species described 
contrasts strikingly with'the strong similarity in their gross floral morphol¬ 
ogy. This variation is seen in the bundles from which the ventral and dorsal 
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traces separate, in the number of lateral traces present, and in the vascular 
supply of ovules, petals, and sepals. 

Petal Supply. That the vascularization of the petal is undoubtedly sec¬ 
ondary is evidenced by two characteristics of such a petal supply. Regard¬ 
less of how extensively the petal bundle branches, there is always just a 
single petal trace, which divides only after entering the petal (fig. 6). This 
vascularization seems to be coincident with the reduction of the calyx and the 
enclosure of the androecium and gynoecium by the corolla. 2 This is not to 
say, however, that the reduction of the calyx caused the ramification of the 
bundle in the petal. 

Most of the othe** variations, however, are of such a nature that, together 
with other features of the floral anatomy, they point to a derivation of the 
genus from a group of plants whose floral structure was quite different from 
that of Cornua. Moreover, there is evidence not only for the structure of 
the ancestors of this genus, but also for the direction of development in the 
structure of its descendants: or more simply, there is evidence of evolution 
progressing as well as past. 

Ancestral Flower. There is evidence to believe that the ancestral flower 
had more members in each whorl than the flower of the present genus. The 
5-merous flower found in C. Drummondi (fig. 37), and the 3-earpellate ovary 
in two specimens of C. oblonga (fig. 35) and a flower of C. mas can be cited. 
The theory is further supported by the gross floral structure of other genera 
of the family, for Mastixia , Toricdlia . Hdwingia , Corokia , Griselinia , and 
Mdanophylla have 5-merous flowers; and 3-earpellate flowers are found in 
Toricdlia , Hdwingia , and sometimes MelanophyUa. These facts would sug¬ 
gest therefore that the ancestral flower was 5-merous. 

Interesting light is east on this point by the variation in the bundles with 
which the ventral bundles are united. These may be derived from the stamen 
bundles, as is always the ease in C. canadensis . (\ rugosa , C. glabrala , C. 
brachypoda , and C. suecica; they may be associated with the stamen bundles 
in some flowers and the petal bundles in other flowers of the same species, 
as in C. alternifolia , C. florida , and C. stolonifera , or in the same flower one 
may separate from the petal bundle, the other from the stamen bundle, as 
in some specimens of C. Drummondi , C. controrersa y and C. mas . The dorsals 
likewise, both among the various species and among the various flowers of 
the same species, vary in the bundles with which they are fused. This wide 
variation is indeed unaccountable in a flower as regular as that of this genus. 
On the other hand, if one assumes that the flower of Corn us has been derived 
from a 5-merous flower, the extraordinary variation becomes explicable. In 

2 A similar condition of reduced sepals and highly vncularized petals is found in 
Hrdera Helix and species of Alnngium. 
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a reduction from five to two carpels, either two adjacent carpels, or a carpel 
and either alternate carpel would persist. Such a reduction would result in 
an ontogenetic rearrangement of the carpels. The developing carpels would 
vary therefore in their orientation with respect to the outer wdiorls. Coupled 
with this decrease in the number of carpels would be the reduction of the 
outer whorls from five to four members. These two changes interacting with 
each other would make the various combinations described above quite pos¬ 
sible ; and the ontogenetic nature of these changes might explain the insta¬ 
bility within a species and among them. 

Vestigial bundles are often the only remnants of structures once present. 
In C. alsophila, C. brachypoda , C. florida , and occasionally in other species, 
one or two traces terminate in the receptacle; yet since there is so little uni¬ 
formity in their position, number, and grouping, it is difficult to discover 
their essential character. This lack of uniformity may, as above, be due to 
the reduction in the number of the members of the floral cycles. Nevertheless, 
whatever their exact nature, they are an indication of other members of the 
floral whorls now absent. 

On the other hand, the abortive carpel found in specimens of C. florida 
and C. canadensis , and all the specimens examined of C. suecica (fig. 34), 
suggest that this reduction is proceeding in the present-day members of the 
genus. Again, this change is to be seen already in other members of the 
family ( Mastixia, Aucuba , Grisclinia ). 

Calyx in the Ancestral Flower. The sepal supply suggests that the 
calyx also has had an interesting evolution. In the genus today, the calyx 
is usually small; it consists of four teeth or lobes in most species and of a 
mere rim in a few. Anatomically, however, in most of the species, especially 
the three-traced ones, the sepal supply is extraordinarily extensive and heavy 
for sepals so minute. 

C . florida is conspicuous in the extreme vascularization of its calyx. Here 
both the traces derived from the petal bundles and those from the stamen 
bundles branch freely, providing many bundles in the calyx (fig. 21). So 
extensive a supply is approached only by C. Drummondi (fig. 22). In C. mas , 
(fig. 23), on the other hand, only the trace cut off by the stamen bundle 
divides. In this respect, several other species resemble it, viz., C. brachypoda, 
C. glabrata, C. racemosa, C. stricta (fig. 24b), C. alsophila, and C. oblonga . 
In <7. Amomum (fig. 26) there is no ramification of the three traces, and 
intermediate between this condition and that in C. mas is the supply of C. 
rugosa. The reduction has proceeded in C. canadensis (fig. 27) and some 
specimens of C . suecica (fig. 27) to an elimination of the two lateral traces, 
so that the sepal is supplied only by a median trace derived from the stamen 
bundle. In th4 two alternate-leaved species and in C . stolonifera , some of 
the stamen bundles even fail to divide (fig. 30). Moreover, in bundles that 
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do divide, the trace which in other species enters the sepal, here terminates 
in the ovary (fig. 29). 

It is evident, therefore, that in these species of Cornus there are sepals 
with a single trace and sepals with three traces. 8 However, this distinction 
cannot be used to divide the genus, since specimens of C. stolonifera and 
C. suecica (fig. 28) occasionally show traces derived from petal bundles. 
Moreover, such a division would result in a grouping of C. suecica, C. cana¬ 
densis , C. controvcrsa, C. alt-ernifolia , and C. stolonifera; an exceedingly 
unnatural grouping, for it separates V. stolonifera from the rest of the 
Thelycrania and places the two alternate-leaved species in the same division 
as the two suffrutescent species. Nevertheless, the one- and three-traced con¬ 
ditions together wi+h their variations are significant, for they indicate the 
trend in the reduction of the sepals. 

Anatornv suggests that the sepals of the ancestral flowers were foliaceous. 
Externally they have become very small, and, correspondingly, the vascular 
supply has become less extensive. But in many species, this internal reduc¬ 
tion has not proceeded so far as the external one. In addition, the extreme 
reductions observed indicate that this reduction will tend toward a disap¬ 
pearance, not only of the sepals themselves, but also of the sepal traces. 

Nature of the Septum. Superficially, this genus has a bilocular ovary 
with axile placentation; actually, observations almost necessitate the con¬ 
clusion that the ovary was once unilocular with two well-(level oped parietal 
placentae. 

Most of the species today show no special histological development of 
the placenta: the placenta is apparently only a locus. In the two alternate¬ 
leaved species, however, the swelling of the septum at the region of ovular 
attachment can only be considered as placental in nature (fig. 38). But this 
placenta is not a typically axile one. 

Even the anatomy is that of parietal rather than axile placentation. 
In all the species studied, the ventral traces never turn inward in the re¬ 
ceptacle, as is the case in axile placentation. Instead, from the receptacle, 
they proceed directly toward the ovary wall (fig. 1). Moreover, the ventral 
traces remain in the ovary wall, in no case entering the septum (figs. 3, 4). 

In itself, the specimen of C. suecica with incomplete septation of the 
ovary is insufficient evidence for parietal placentation; in view of the above 
facts, however, the specimen is quite suggestive. Here, the two projections 
into the loeule have the position of parietal placentae (fig. 32). They do not 
extend to the top of the ovary, a fact which may account for the absence 

The interpretation of the type of sepal supply found in C. rugoxa as 3-traced is 
supported by the fact that the leaves of the members of this family are regularly 3-traced 
(12), and that 3-traced sepals are found in species less advanced in other characters also. 
It is worthy of note that the reduction to the single trace has taken place in the sepals 
before it has occurred in the vegetative member. 
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of ovules and non-separation of the ventral traces from the outer ring of 
bundles. 

Anatomy also indicates that the placenta was once more extensive than 
it is today. Significant in this respect is the number of traces derived from 
the ventral bundle at the region of ovule attachment. In some species, there 
are many branches, but only a few actually enter the ovules. The other 
branches are undoubtedly also ovular traces, for they are identical with the 
traces supplying the ovules, in derivation, position in the ovary, and course— 
they differ, in fact, only in not entering an ovule (fig. 1). Moreover, occa¬ 
sional flowers of C. alternifolia, C. suecica (fig. lid), C. stricta (fig. 18), 
and C. stolonifera (fig. 17) show a branching of an ovular trace. This indi¬ 
cates that at one time these were placental bundles which probably branched. 
Finally, the periclinal arc of ovular traces found at the level of ovule attach¬ 
ment in the ovary wall of some species [C. controversa , C. alternifolia , C . 
brachypoda (fig. 13), C. racemosa (fig. 14), (\ rugosa (fig. 13), C. glabrata , 
C . stricta , C. Drummondi] indicates that the placenta might have covered 
more of the ovary wall than it does at present. Besides extending periclinallv, 
the placentae must also have reached well into the locule for fusion to have 
occurred. 

The septum, therefore, is placenta rather than ovary wall: It has re¬ 
sulted from fusion of two parietal placentae rather than fusion of parts 
of the walls of the two carpels. 

Ovule—Evolutionary Changes. From the vestigial ovular traces, it is 
clear that the uniovulate carpel of Cornus is descended from a multiovulate 
carpel. Anatomy indicates, in most species, that it is an outer ovule which 
persists. First, in the species studied, the vestigial ovular traces, when 
present, are included between the functional ovular traces (figs. 13, 14). 
Secondly, some species show a bowing of the ovular traces (fig. 13). This 
bowing may mean that the ovule has moved toward the center, since ordi¬ 
narily, an ovule so situated with respect to the ventral trace would have 
a trace running directly to it. 

The reduction in the number of ovules has complicated the supply of 
the surviving ovules, for unlike most ovules, the ovule of Cornus receives 
a bilateral supply, i.e., it receives a trace from each of the two ventral traces 
of the carpel. In some species, these two bundles are distinct within the ovule. 
This double supply can only mean that, recently in the phylogeny of the 
group, each carpel had two ovules, one on each margin. When one of the 
ovules no longer develops, its persistent ovular trace enters the remaining 
ovule. In several species some of the intermediate traces fuse with the outer 
traces, which supply the ovules. In these species, the ovule receives the supply 
of not two, but several ovules. The extraordinarily heavy bundles in many 
of the species [C. florida (fig. 8), C. canadensis (fig. 10), C. alsophila , C. 
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glabrata, C. Drummondi, C. racemosa (fig. 14), C. stricta] represent without 
doubt advanced stages of fusion of the intermediate and outer ovular 
bundles. 

There is also evidence for the direction in which the ovary may evolve. 
The occasional flowers with an abortive ovule ( C. canadensis, C. Drummondi, 
C . suecica (fig. 34)) forecast a uniovulate ovary. Accompanying this reduc¬ 
tion in gross structure will probably be a reduction in the vascular supply. 
C. suecica can be cited as evidence for this, for here are found fusion of the 
ovular traces derived from the same ventral bundle (figs, lla-lle) and occa¬ 
sionally elimination of the double supply to the ovule (fig. lid). 

Conclusions of Other Students of the Family. As stated in the intro¬ 
duction, the little that has been published in the floral anatomy of the 
Cornaceae has come from Horne, Martel, and Baillon. Of these, Horne and 
Martel have dealt with Cornus. 

Horne (8) has made a comparative study of ten genera of the Cornaceae. 
Several of his observations and conclusions are of interest in connection with 
the observations and conclusions recorded above. He considers the possi¬ 
bility that the style may be composed of the styles of four carpels and gives 
Clarke’s interpretation of the 4-lobed stylar canal. Clarke (4) concluded 
from his observations that the styles of two carpels made up the style. In 
the 4-lobed stylar canal, he interpreted two of the canal lobes as “marginal” 
and two “sutural.” Moreover, Clarke found that in a trilocular ovary there 
were two additional lobes in the stylar canal for each extra locule, one “mar¬ 
ginal,” one “sutural.” 

In the present study, though no special study of the style was made, the 
shape of the stylar canal was recorded for each specimen. In many species, 
the stylar canal varies in shape from base to apex. Just above the locules. 
the canal in transverse section is more or less linear, gradually becoming 
S-shaped, Y-shaped, and H-shaped in turn, and at the very apex, 4-lobed 
(fig. 20). In C. alsopkila , C. Amomum, C. Drummondi, C. controversa, C. 
j jlabrata, C. brack //pod a. and C. stricta , the canal is eventually H-shaped or 
4-lobed. However, in C. alternifolia , C. canadensis, C. fiorida, C. mas, and 
C. suecica, the stylar canal remains more or less linear throughout the style. 
Contrary to Clarke’s observations, all the 3-loculate ovaries found have 
3-lobed stylar canals (fig. 19). An explanation therefore is required which 
will account for 3-lobed stylar canals in triearpellary ovaries of this genus, 
and 4- or 2-lobed (linear) stylar canals in bicarpellary ovaries. Clarke’s 
interpretation does not adequately explain these observations. Rather than 
that two stylar canal lobes are associated with a style, it seems more likely 
that one canal lobe corresponds to each style. Where three carpels are 
present, there is a 3-lobed stylar canal; where two carpels, a 2-lobed (linear) 
stylar canal. Where four or more stylar canal lobes are found, the situation 
is more complicated. It is quite evident that the flower of Cornus has been 
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derived from a polymerous flower, which in many cases has been a com¬ 
pletely tetramerous one. Vestiges of the polycarpellary or 4-carpellary con¬ 
dition may therefore be expected. Now, it is common for cohesion to occur 
acropetally, so that a compound pistil may have several separate styles; a 
corolla tube, several lobes distally. May not reduction, therefore, proceed in 
the same direction? The basal part of a carpel may be submerged and 
disappear before the styles. This would explain the presence of a 4-lobed 
stylar canal in a bicarpellary pistil: two of the styles are sole remnants of 
their respective carpels. More light might be thrown on this problem by a 
special study of the vascular supply of the style in the various species. The 
problem is complicated, however, by the presence of ventral traces in the 
base of the style and the secondary ramification of the dorsals in the upper 
part of the style. 

With respect to the other genera that Horne studied, several interesting 
correlations present themselves in placentation and ovular supply. Evidence 
for parietal placentation can be found. First, in Aucuba, when an ovary 
is biovulate the two ovules are attached on opposite sides of the ovary wall, 
so that the placentation is parietal. Also, a situation parallel to the abnormal 
ovary of C. sueeica is found in some specimens of Marlea. In this genus 
Bentham and Hooker (2) state that the ovary may be unilocular in the 
upper and triloeular in the lower portion. Clarke also noted this condition, 
in M. begonifolia. Finally, Horne lists as a difference between Connts and 
Corokia the fact that the latter genus has parietal placentae immediately 
above the ovule. In view of the discussion above, this would be considered 
a similarity! On the other hand, two pieces of evidence may be cited in favor 
of axile placentation. First there is the very definite axile placentation in 
Helwingia. Neither Horne nor Descaisne (5). however, believes that this 
genus belongs in the Cornaceae. A more cogent objection is the central strand 
in the septum of Corokia. Since the origin of this strand is not given in 
Horne’s paper, however, material must be examined before an explanation 
is ventured. 

The compound ovular supply of Corn us is seen in Corokia , Griselinia , 
Nyssa also, and to a limited extent in Aucuba. Horne also recognizes that 
(in Corokia) there may be a “diversion of the vascular tissue pertaining to 
the absent ovules to the present ovule.” 

Whereas Horne has studied a majority of the genera of the Cornaceae 
Martel (11) has studied a single species of Comas , upon which he bases his 
comparison of the family with the Araliaceae and the Umbelliflorae. More¬ 
over, Martel emphasizes histological structure and is thereby led to erroneous 
or superficial statements. For example, he states that except for the vas¬ 
cular supply,, the calyx, with respect to the parenchyma of w’hich it is made 
up, can be considered simply a prolongation of the receptacle. (As will be 
seen, Martel believes the ovary is enveloped by the receptacle.) 
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He considers that the 4-lobed stylar canal indicates that there are four 
carpels, but states that they are reduced at the base by atrophy or fusion 
following upon a limitation in the space allowed them to develop. He does 
not make clear whether he believes this atrophy or fusion to be ontogenetic, 
or phylogenetic. 

He concludes that the placentation is parietal, because the “placental” 
bundles remain in the ovary wall. Like Horne, he does not recognize these 
“placental” bundles (“peripheral” bundles of Horne) as the ventral 
bundles. In fact, he even states that the “commissural” (ventral) bundle 
is absent. 

With respect to the bilateral ovular supply, he states that it is notable 
that the “funiculi” (ovular traces) derived from both placentae of the 
carpel enter the same ovule, just as if the placentation were axile. It is as¬ 
sumed that he means that type of axile placentation in which the two ven¬ 
tral traces of a carpel have fused. Yet what evidence is there to believe that 
in such cases the ovular supply is bilateral, i.e., composed of an ovular trace 
from each of the two ventral traces of the carpel? Tu fact, there is evidence 
to the contrary. First, in axile placentation, the ventral traces of adjacent 
carpels unite more commonly than do the ventral traces of the same carpel. 
Moreover, even when the ventral traces of the same carpel are separate, it is 
very unusual for an ovule to receive a trace from each ventral trace. There 
is little basis, therefore, to conclude that after the ventral traces have united, 
the ovular trace is double. Martel’s parallelism is, therefore, merely an 
analogy and can have little significance in establishing the type of placenta¬ 
tion found in Corn us. 

Martel interprets the separation of the outer ring of bundles from the 
carpel la ry bundles as a more marked separation of receptacle and ovary 
in Cornus than is found in the Vmhelliflorae. Hedcra , and Aralia. Had 
Martel examined other species of Cor nits and observed how often the dorsal 
traces are united with the peripheral bundles the length of the ovule, he 
would have avoided such a generalization. He states, furthermore, that from 
the inferior ovary of Conuts to a superior ovary it is only a short step, which 
consists simply of a more profound differentiation of perianth and an- 
droecium. Such a differentiation could only be from the outer portion which 
he considers receptacular. Stamens, petals and sepals so formed would be 
appendicular in nature in the upper portion and axial in the lower portion. 
These would indeed be anomalous floral members. 

Taxonomy. A comparative study of the floral anatomy of a group 
should reveal the extent of specialization of the various members so far as 
their flowers are concerned, thus aiding in establishing the relationship 
among them. It must be remembered, however, that all the characters of a 
species do not evolve at the same rate; in fact, some may, for a time, remain 
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unchanged or even retrogress. Moreover, changes vary in their significance, 
both in themselves, and in comparisons among different species. For instance, 
in the species of Cornus, the supply of the petal is of little phylogenetic 
importance, as compared with the variation in the supply of the ovule. On 
the other hand, though the extent of fusion of the ventral traces is in itself 
significant in indicating evolutionary advancement, it can scarcely be used 
in this genus, since the character often varies within the species itself. The 
situation in the sepal supply is quite the reverse, for here the degree of 
change, important in itself, is consistent within the species. In evaluating 
the relative progress of the various species, therefore, the sum total of the 
various advanced traits together with their significance must be considered. 

Among the species studied, C. florida is anatomically by far the least 
specialized. It has the most extensive sepal supply (fig. 21); the ovule supply 
is very heavy (fig. 8); and without exception there is a “vestigial” trace in 
the receptacle. In other species such traces occur only occasionally, if at all. 
At the other extreme are the anatomically highly specialized C. alternifolia 
(fig. 30), C. stolonifera (fig. 30), and C, suecica (fig. 30). In all three, the 
vascular supply to the calyx is absent or incomplete. C. alternifolia , with no 
sepal traces and the calyx reduced to a mere rim, shows the most extreme 
reduction externally as well as internally. In ovule supply, all three have 
relatively light ovular traces, but C. suecica shows the most specialized con¬ 
dition (figs, lla-lle). Moreover, C. suecica regularly shows the abortion of 
one ovule and often a decrease in size of the corresponding carpel (fig. 34). 
Of the three, therefore, this is probably the most highly specialized. $ 

In Wangerin’s treatment (13), the species studied fall into the following 
sub-groups: 


Subgenus Benthamidia 
C . florida 

Subgenus Macrocarpium 
C . mas 

Subgenus Arctocrania 
C. canadensis 
C. suecica 


Subgenus Thehjcrania 
Section Bothrocaryum 
C. controversa 
C. alternifolia 
Section Amblycaryum 
Subsection Albidae 
C. racemosa 
C, stolonifera 
C . Drummondi 
C. rugosa 
C. glabrata 
C. stricta 

Subsection Oblongifoliav 
C. oblonga 
Subsection Nigrae 
C. alsophila 
C. brachypoda 
Subsection Vorynostylac 
<7. Amomum 
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The floral anatomy does not strongly support the taxonomic groupings 
within the genus. The following comparison is based primarily on the sepal 
supply, since the stages in its evolution are rather completely represented 
in the species studied. C. florida is anatomically sufficiently distinct to be 
segregated from the other species and in this respect sufficiently unspecial- 
ized to represent a type ancestral to them. From this species, C. mas may 
represent a step in the reduction. In this involucrate series, extreme reduc¬ 
tion is reached in C. canadensis and C. suecica . These two suffrutescent 
species are macroscopically strikingly similar. Microscopically also, in their 
sepal and petal supply, and in the frequent abortion of one ovule, they are 
similar. Yet the ovule supply of C. canadensis (fig. 10) is so heavy and 
“primitive” in comparison to the extremely fused supply of C. suecica 
(figs, lla-lle), that, phvlogenetically, the two species must be quite distant. 
Either they have developed along divergent lines from a “common an¬ 
cestor,” or more likely C . suecica has evolved so much more rapidly than 
C. canadensis , that there is now a wide breach between them. 

In the non-involuerate species (subgenus Thclycrania ), the opposite¬ 
leaved species are placed in the section AmhIycaryum apart from the alter¬ 
nate-leaved species. Most of the opposite-leaved species have a sepal supply 
so similar to that of C. mas (fig. 23) or so evidently a modification of such 
a supply, that it seems quite possible that they have had a common origin 
close to that of C. mas , and a development rather parallel. Anatomically, the 
members of the section do not segregate into groups. C. oblonga has been 
inadequately studied, but the double arching of the ovular trace makes it 
unique. Among the rest, C. Drummondi (fig. 32) has a sepal supply which, 
in its extensive ramification, approaches the supply of C. florida (fig. 21). 
The other species more closely resemble C. mas (fig. 23). Very similar to the 
sepal supply of C. mas is that of C. brachypodu , C. glabrata , C. raeemosa , 
C. stricta. The supply of (\ brachypoda is most regularly like that of C. mas, 
whereas occasional stamen bundles of the other species diverge from this. 
Progressive reduction is seen in (\ alsophila , C. rugosa , C. Amo-mum , and 
('. stolon if era , flowers of the last species showing some sepal traces absent 
(fig. 30). In a general way the ovular supply supports the two groupings 
but there is not enough variation in this character among the species to 
indicate relative progress among them. The above does not imply that the 
two groups are considered “natural” or that the members of the section 
can be arranged in ascending order with C. Dvummondi at the foot. Rather, 
these species seem to form a plexus, some of them more advanced than others, 
but most of them so closely related, phvlogenetically, as to make it difficult 
to select the main lines of development. 

The alternate-leaved species are sharply set apart from opposite-leaved 
species. The internal structure supports this separation, for C\ controversa 
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and C. alternifolia are characterized by the presence of a prominent placenta 
(fig. 38), extreme arching of the ovular traces, and short (or absent) sepal 
traces (figs. 29, 30), which never enter the minute calyx tube or rim. In 
addition to the above characters, the two species resemble each other in 
having numerous lateral traces in the carpel. Of the two, C. alternifolia is 
more advanced since it rarely has sepal traces; the calyx is a mere ridge; 
and the ovular supply is not extensive. The anatomy of the two species is 
so specialized, however, that it is difficult to be certain anatomically, that 
the pair are distal twigs on a side shoot of the Thelycrania limb of the phylo¬ 
genetic tree of Cornus . 

SUMMARY 

A detailed study was made of the floral anatomy of sixteen species of the 
genus Cornus. 

The evidence obtained suggests the following conclusions: 

1. The ancestral flower had more members in each whorl than the flower 
of the present genus. 

2. The sepals in the ancestral flower were foliaceous, in contrast to the 
minute sepals characteristic of the genus today. 

3. The bilocular ovary with reduced placenta is derived from a uni¬ 
locular ovary with two well-developed parietal placentae. 

4. Morphologically, the septum represents two placentae fused. 

5. The uniovulate carpel is derived from a multiovulate carpel. 

6. The vascularization of the petal is undoubtedly secondary. 

The author would like to express her appreciation to Prof. Arthur J. 
Eames for his assistance and interest in directing this study; to Prof. Lester 
W. Sharp for his guidance in the preparation of the plates; to Dr. H. W. 
Rickett for his examination and determination of herbarium specimens; to 
the New York Botanical Garden and Cornell University for permission to 
remove material from herbarium sheets for sectioning. 

Department of Botany, Cornell University 
Ithaca, New York 
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STRUCTURE AND DEVELOPMENT OF SCLEREIDS IN THE 
PETIOLE OF CAMELLIA JAPONICA L. 

Adriance S. Foster* 

INTRODUCTION 

This paper describes the results of a study of the structure and develop¬ 
ment of the remarkable thick-walled and grotesquely branched cells which oc¬ 
cur in the parenchyma of the leaf of Camellia japonica. These elements were 
discovered and illustrated nearly a century ago by Mirbel and Payen (1849, 
1850) and have proved to represent one of the definitive histological char¬ 
acters of the majority of genera in the Tlieaceae (Kochs 1900; Solereder 
1908; Beauvisage 1920; Melchior 1925). Despite the frequent reference to 
these cells in general texts and in the scattered literature on “scleren- 
chyma,” little is known about the details of their developmental history. 
Indeed, aside from the brief account given by Buck (1870), the investiga¬ 
tions of Cavara (1897) appear to be the only effort to explore the origin and 
growth of these cells. Cavara, adopting a term originated by Sachs (1882), 
designated the isolated branched cells in Camellia as “idioblasts.” He stated 
that the ramified character of the cell results from a true intercellular 
growth of the wall between neighboring tissue-el emeu ts during early phases 
of ontogeny. If Cavara’s conclusion is correct, the idioblasts of Camellia 
should offer interesting material for a study of the much-disputed phe¬ 
nomena of ‘‘gliding” or “intrusive” growth (Majumdar 1941; Sinnott and 
Bloch 1939,1943). 

But in addition to their morphogenetic interest, the branched cells in the 
leaf of Camellia pose a further question, viz.: what is the morphological 
nature of such extraordinary cells? Reference to table 1 will show that eleven 
distinct histological terms have been applied to these elements. A discussion 
of this exceptionally confusing nomenclature must be postponed until the 
observational data in this paper have been presented. Here it is only essen¬ 
tial to emphasize that this confusion in terminology is by no means restricted 
to Camellia. Cells which appear fundamentally similar at least in form to 
those in Camellia occur in a large number of angiosperm groups as well as 
in certain gymnosperms (Thomas 1865; Seward 1906; Solereder 1908). 
The nomenclature for these elements includes many of the terms listed in 
table 1. It is thus evident that the entire problem of so-called “scleren- 
chyma” merits careful re-examination. It is hoped that the present study 
may serve to stimulate and to orient intensive as well as extensive investi¬ 
gations in both angiosperms and gymnosperms. 

# Plates 2 and 3 are published with the help of a contribution by the author and of 
the Lu$ien M. Underwood Memorial Fun A. 

302 



1944] 


FOSTER: SCLEREIDS OF CAMELLIA 


303 


For convenience and brevity, Tschirch’s (1885) term “selereid” will be 
employed in the descriptive sections of this paper. A brief account of the 
origin and applicability of this term to sclerenchymatous elements has 
already been given in a recent book by the writer (Foster 1942, p. 67-70). 

MATERIAL AND TECHNIQUE 

The leaves of Camellia japonica used for this investigation were col¬ 
lected from vigorous plants growing on the campus of the University of 
California at Berkeley. The horticultural variety represented by these plants 
could not be determined, however, because of the variable character of the 
flowers. For comparative purposes, a brief study was also made of the 
sclereids in the leaves of Camellia reticulata Lindl. and Camellia sinensis 
(L.) O. Ktze. Material of the later species was obtained from plants in 
Golden -Gate Park, San Francisco, through the kindness of Mr. Eric 
Walther. 

Preliminary study of hand-sections of the leaf of C. japonica showed 
that the sclereids are most abundant in the petiole. Consequently this por¬ 
tion of the leaf served as the basis for all developmental studies. Young as 
well as mature petioles were cut transversely into sectors and fixed for 24 
hours in a mixture of formalin-acetic acid-ethyl alcohol according to a 
formula given by Sass (1940, p. 16). Dehydration, clearing with xylene, and 
infiltration with paraffin were carried out using the general procedure 
recommended by Ball (1941). Serial trails- and longisiections 6-8 p in 
thickness were easily secured from young petioles in which the sclereids 
are thin-walled. But for maturing and adult sclereids, it was necessary to 
soften the material. To accomplish this, a small portion of the tissue of the 
imbedded petiole was exposed by trimming away the paraffin and the block 
then immersed for 2-3 days in a solution of glycerine-alcohol (90 cc. 60 
per cent alcohol; 10 cc. glycerine). By this method, thin and usually un¬ 
scratched serial sections could be obtained with little difficulty. A modifica¬ 
tion of the tannic acid-iron chloride-safranin method w T as adopted for 
staining the sections (Foster 1934). This involved the use of a 0.5 per cent 
aqueous solution of tannic acid in which the slides were placed for five 
minutes before transfer to the iron chloride. The preparations were then 
washed thoroughly in running water and counterstained for 24 hours or 
less in safranin. This slight modification of the writer’s previous method 
resulted in a sharp and pleasing color contrast between the walls of the 
parenchymatous tissues and the sclereids. 

Macerated petioles were found indispensable for a study of the elaborate 
forms of the adult sclereids. The method of maceration outlined by Priestley 
and Scott (1938, p. 193-194) gave excellent results. Thick transverse sections 
of fresh petioles were first thoroughly aspirated in acid-alcohol (3 parts 
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70 per cent ethyl alcohol: 1 part concentrated HC1). New acid-alcohol was 
then added and allowed to act for 24 hours. After thorough washing in 
water the material was placed in a 0.5 per cent aqueous solution of am¬ 
monium oxalate. Within several days, the parenchyma tissues were suffi¬ 
ciently macerated to permit a ready examination of the isolated sclereids. 
Permanent glycerine-jelly mounts were made of both unstained as well as 
safranin-stained material. 

Thanks are due the writer’s wife, Helen Vincent Poster, for her skillful 
execution of the perspective drawings of the sclereids illustrated in figures 
2-8. Acknowledgment is also made to Dr. Roger Reeve for his generous 
assistance in imbedding some of the materials used in this study. 

DISTRIBUTION OF SCLEREIDS IN THE PETIOLE 

When serial transverse sections of mature petioles are examined, it is 
evident that the sclereids do not form a continuous tissue but are scattered 
as typical idioblasts 1 in certain definable regions of the “fundamental 
tissue system” (fig. 1). Sclereids are most abundant in the outer cortical 
region where they collectively form a discontinuous cylinder of thick-walled 
polymorphic cells. The tissue in which they lie consists of relatively small 
cells with inconspicuous air-spaces. In transection these cells very closely 
resemble collenchvma because of the irregular thickenings of their walls 
(figs. 23-26). But in longisection the cells are short and cannot therefore 
be classified as “typical” angular collenchvma. The remainder of the funda¬ 
mental tissue system is composed of larger thinner-walled parenchyma. 
Intercellular spaces are particularly w r ell developed in the adaxial portion 
of this tissue which closely resembles in structure typical spongy paren¬ 
chyma. While sclereids are found sporadically in the parenchyma near the 
phloem of the single collateral bundle, they appear more consistently in the 
midst of the large-celled parenchyma adjacent to the xylem (fig. I, ms). 
In this pith-like portion, many of the sclereids are particularly large and 
thick-walled. 

As is clearly indicated in figure 1, the greatest dimension of the “cor¬ 
tical” sclereids tends to lie parallel to the epidermis or to the contour of 
the vascular bundle. This is most clearly shown by the sclereids in the 
adaxial cortex which lie virtually at right angles to the longitudinal files 
of cells in which they are imbedded (fig. 26). The significance of this ar¬ 
rangement, which is markedly different “from the vertical orientation of 
“typical” fibers, will appear when the ontogeny of the sclereids is described. 

FORM OF THE MATURE SCLEREIDS 

A thorough study of both serial sections as well as macerations reveals 
the remarkable polymorphism typical of the sclereids of Camellia japonica. 

1 Occasionally, isolated groups of 2-3 connected sclereids may be seen in following 
serial sections, but such “nests” scarcely represent a “tissue” (cf. fig. 20). 
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Cavara (1897) attempted to show that the form of the sclereid is to some 
extent correlated with its position in the leaf. According to his descriptions, 
profusely branched forms occur in the parenchyma surrounding the vascular 
bundle in the petiole and midrib while in the lamina Y-, L-, and T-shaped 
forms prevail. In the writer’s experience, such a distinction cannot be drawn 
and virtually all of the “form-types” recognized by Cavara may occur in 
the parenchymatous tissue of a single petiole. 



Fig. 1. Transection of the petiole of Camellia Japan ica showing the distribution of 
the sclereids as idioblaats in the “fundamental tissue system. M This illustration was 
prepared l>v first tracing in ink the outlines of the epidermis, sclereids and vascular tissues 
on a photomicrograph which was then placed in a solution to remove the photographic 
image. Legend: bs, bundle sheath; cs, sclereids of outer cortex; c, epidermis; medul¬ 
lary sclereid; p, phloem; .r, xvlem. y 45. 

Because of the bewildering intergradations in form, it is only possible 
to point out some of the most commonly recurring form-types. Many 
sclereids are fusiform and, except for their peculiar oblique or transverse 
orientation with reference to the long axis of the petiole, resemble in their 
general form short fibers (figs. 5, 26). Very commonly however the sclereid 
is branched, often in a most curious fashion. In the simpler type of branch¬ 
ing, the cell is roughly Y-shaped with either symmetrical or asymmetrical 
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arms (figs. 7, 8). In a not infrequent type, the cell is extended in length and 
provided at one or both ends with a pair of short divergent branches (fig. 6). 
The mast bizarre configuration however is presented by the varied “stel¬ 
late” types (figs. 2, 3, 19, 23, 24, 25). Such cells consist of a thick central 
portion from which four or more arms radiate. When the branches are rela¬ 
tively equal and lie nearly in the same plane, the cell might appropriately 
be designated as an “astrosclereid,” following the nomenclature proposed 
by Tschirch (1885, 1889). But very often cells of this general type are 
extremely grotesque in appearance, because certain of the arms extend 
vertically as well as obliquely from the central region (fig. 3). As far as 
the writer could determine there appears to be no correlation between the 
form of a given sclereid and its specific position in the petiole. Although 
branched forms seem to predominate in the “medullary” region (fig. 19), 
both fusiform and elaborately ramified types occur indiscriminately in the 
outer “cortex” (figs. 23-26). 

Because of the irregular form of the sclereids, accurate measurements 
of the dimensions of these cells are often impossible to obtain. A series of 
random measurements of a number of fusiform types indicates that the 
length may range from 250 to 530 microns while the maximum diameter 
varies from 20 to 35 microns. These data show that the ratio of diameter to 
length of the sclereids is considerably less than in many “typical” fibers 
(cf. Foster 1942, p. 74-75). 

The examination of hundreds of cells isolated by maceration reveals one 
of the most striking and consistent peculiarities of the sclereids of Camellia , 
viz.: the presence of numerous, short, conical or irregular protuberances 
distributed irregularly on both the main “body” of the cell as well as on 
it# branches. For convenience in description, these processes will be desig¬ 
nated as “spicules.” As is clearly illustrated by figures 2-8, the relative 
size and abundance of the spicules are highly variable. Certain of the small 
sclereids, w r hich occur sporadically in the outer cortex of the petiole, are 
relatively smooth-walled (figs. 4, 8). But the spicules are often so numerous 
and closely-spaced on the larger sclereids that such cells have a distinctly 
“spiny” appearance (figs. 2, 3, 5, 6, 7). Despite the many allusions to the 
sclereids of Camellia in botanical literature, it is a noteworthy fact that 
the only reference to the distinctive spicules is made by Cavara (1897), 
probably because he made a careful study of elements isolated by macera¬ 
tion. Neither Kochs (1900), Solereder (1908), Beauvisage (1920), nor 

Explanation of plate % figs. 2-5 

Figs. 2-5. Camera lucida drawings of adult sclereids isolated by maceration. Figs. 
2, 3. Stellate types. Fig. 4. Weakly branched type. Fig. 5. Fusiform type. Note the char- 
acteristic spicules and the narrow lumina in figures 2, 3, and 5; only a few of the numerous 
pit-canals are shown. In figure 4, the lumen is broader and few spicules are present. All 
figures x 236. 
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Melchior (1925) in their anatomical treatments of the tea family refer 
to the spieulate character of the sclereids. Indeed Melchior (p. Ill, fig. 59) 
simply repeats the familiar figure copied from Tschirch (1889, p. 304, 
fig. 348) which depicts branched sclereids of Thea in sectional as well as 
isolated view with “smooth” walls. For comparative purposes, the writer 
made a study of the adult sclereids in the petioles of leaves of C. reticulata 
and C. sinensis. In both of these species, the isolated sclereids closely re¬ 
semble those of C. japonica in their form and noticeably spieulate character. 

As will be shown later, the spieulate character of the sclereid is acquired 
during the early ontogeny of the cell as a result of local and restricted 
extensions of the primary wall. Thin transverse sections of nearly mature 
sclereids clearly show that the majority of the spicules are truly inter¬ 
cellular, extending for short distances into the middle lamella between 
adjacent parenchyma cells (fig. 26). Because of such numerous projections, 
which subsequently develop secondary walls, the sclereid evidently is firmly 
“anchored” to the tissue-elements which surround it. Spicules also may 
extend freely into air-spaces which lie near the extensible primary wall of 
the sclereid (figs. 19, 21, 22, 29). These spicules are readily seen, even in 
comparatively thick hand-sections of the petiole and it is therefore difficult 
to see how they were overlooked by such early workers as Buch (1870). 

ORIGIN AND DEVELOPMENT OF SCLEREIDS 

Despite the varied form-types exhibited by the adult petiolar sclereids, 
these cells originate from parenchymatous elements of the “fundamental 
tissue system.” This fact is essential to a clear understanding of the re¬ 
markable ontogeny of the sclereid. In agreement with Cavara’s (1897) 
observations, the sclereid initials are not morphologically recognizable until 
the foliage leaf has emerged from the bud and is beginning its final phase 
of expansion and maturation. In the variety of Camellia japonica used in 
this study, sclereid initials are first evident in leaves 5-6 centimeters long. 
At this stage, the petiole has reached nearly its full length although it is 
slightly smaller in diameter than that of the adult leaf. 

What criteria distinguish a sclereid initial from neighboring paren¬ 
chymatous elements? In view of the idioblastic distribution of the initials 
in both large- and small-celled tissue, it is obvious that neither relative 
size nor position is a definitive character. According to Cavara (1897, p. 79), 
the large size of the nucleus clearly demarcates a young idioblast from 

Explanation of plate 3, figs. 6-8 

Figs. 6-8, Camera lueida drawings of sclereids isolated by maceration. Fig, 6. Elon¬ 
gated type with dichotomous tips. Figs. 7, 8. Y-shaped types. Note the abundant spieules 
and the very narrow lumina of the cells in figures 6, 7. In figure 8, the lumen is broad and 
the surface of the cell nearly smooth. All figures x 236. 
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neighboring cells* This conclusion is supported by the present study, and 
reference to figures 9, 10, and 12 will show the striking size difference be¬ 
tween the nuclei of young sclereids and their neighboring tissue-elements. 
Cavara found that the nuclei of young idioblasts are “14-16 microns in 
length and 10-14 microns in width while the nuclei of surrounding cells 
measure only 6-8 microns by 4-6 microns.” He further stated that the 
nucleus of the young idioblast is also distinguished by a prominent central 
“globular body.” The latter is highly-refraetive in living nuclei and in his 
view is not the nucleolus because it is vividly colored by “achromatic 
stains.” The writer's observations on fixed as well as living material con¬ 
firm the existence of a prominent, more or less centralized body in the 
nucleus of actively growing sclereid-initials (figs. 9-14). But in many 
instances the nucleus may exhibit as many as three distinct “central bodies,” 
which superficially at least appear to be nucleoli. No final decision, however, 
is possible until a thorough study of metabolic and dividing nuclei in the 
various leaf tissues of Camellia has been undertaken. 

By utilizing the distinguishing character of nuclear size it is possible 
to study the walls of sclereid initials prior to the enlargement of these cells. 
With the techniques used in this investigation, the walls of the initials 
appear essentially similar to those of the surrounding parenchyma cells. 
This is particularly evident in the outer cortex of the petiole where the 
thickened areas of the walls of both cell types exhibit typical primary 
pit-fields (figs. 9-12). It is therefore clear that the irregular growth of 
the sclereid as an idioblast must depend first of all upon the ability 
of its wall to distend at certain points. Careful examination of hundreds 
of cells shows that the distensible regions invariably occur at the corners 
where the initial is in contact with the middle lamella separating two 
adjacent parenchyma cells. 

Figures 9-12 illustrate very early stages in the growth of sclereid initials 
in the cortex of the petiole. In each it is clear that the initial has produced 
one or more slender delicate, tubular branches which extend between the 
walls of neighboring tissue elements. As mentioned earlier in this paper, 
the outer cortical cells exhibit collenehymatous thickenings when viewed 
in transection. Hence, as is shown in figures 9 and 11, the early tubular 
extensions of the sclereid must literally force their way through such 
thickened areas. Whether this is accomplished by the secretion of specific 
pectin-digesting enzymes, as appears to be the case for many pollen tubes 
(Paton 1921), remains to be proved. At any event it seems true that the 
ramification of the sclereid represents true intercellular development. No 
evidence has been found of either crushed primary walls in invaded paren¬ 
chyma tissue nor of the penetration of parenchyma cells by the arms of 
the sclereid. * 
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In some instances, the initial at first produces a single tube-like process 
which may often be seen in “broad view” directly in contact with one of 
the primary walls of an adjacent parenchyma cell (fig. 10). Initials observed 
in this plane of section suggest that the growing tubular-arm does not 
“avoid” the primary pit-fields between two parenchyma cells. Indeed, it 
is difficult to imagine how the pit-fields with their plasmodesmata can fail 
to be split apart at certain regions of the wall. Very commonly, tubular 
branches arise at two adjacent corners of a sclereid initial. This results in 
a dichotomous branch between the two arms of which lies a parenchyma 
cell (figs. 9, 11, 12). The continued development of a dichotomous branch 
leads to the Y-type of adult sclereid while the formation of additional 
dichotomies from other corners of the initial results in stellate or irregu¬ 
larly branched types (figs. 2, 3, 7, 8). 

Further development of the sclereid involves the gradual enlargement 
of the main body of the cell and the continued intercellular growth of its 
tubular branches. As the latter increase in length, their course often becomes 
so irregular that they cannot be seen as entire structures either in trans- or 
longisectional view. Cavara’s (1897, pi. XXXI, fig. 8) illlustration depicts 
a young stage and gives no idea of the extraordinary undulation and growth 
in various planes of the arms of branching sdereids. Occasionally, a devel¬ 
oping tube may pursue a fairly regular intercellular course because of the 
more or less regular arrangement of the parenchyma cells in its path (fig. 
14). But more frequently, one or moi’e of the arms of a sclereid grow verti¬ 
cally or obliquely with reference to the main body. This has been observed 
convincingly in longisection (fig. 13) and is readily deduced from the incom¬ 
plete transections which are usually obtained of advanced stages in sclereid 
ontogeny (figs. 16, 17). 

The behavior of the intercellular branches of sclereids in lacunate areas 
of the parenchyma is particularly interesting. In the relatively compact 

Explanation of figures 9-15 

Figs. 9-12. Transections of early stages in intercellular growth of sclereid initials. 
Note the large nucleus with its prominent nucleolus in each young sclereid. Fig. 9. An 
initial with three short tubular branches. Fig. 10; *‘ Broad view n of a tubular branch in 
contact with the primary wall of a parenchyma cell; note the pit-fields (light areas) in 
the latter. Fig. 11. An initial with two short intercellular branches. Note the pit-fields 
seen in section view in the wall of this initial and the typical eollenchymatous thickenings 
of neighboring parenchyma cells. Fig. 12. An initial showing dichotomous branching at 
lower side. This is also illustrated in figures 9 and 11. Figs. 13, 14. Longisections of 
older stages in intercellular development of sclereid initials. Fig. 13. Initial with long, 
oblique branch the tip of which (lower left) is dichotomous. Note abundant cytoplasm 
in this branch and the large solitary nucleus. Fig. 14. Initial with delicate branch extend¬ 
ing nearly at right-angles to vertical files of parenchyma cells. Note the development of 
two spicules from the lower wall of* the initial at either side of the prominent nucleus. 
Fig. 15. Transection of the dichotoinous branch of a sclereid initial at its point of entrance 
into a prominent jfir-lacuna. Note the tenuous character of the primary wall. All figures 
x 550. 
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tissue of the outer cortex, the delicate tips of certain of the sclereid branches 
have been observed to extend freely into small air-spaces. Better examples, 
however, are provided by those sclereids which originate and develop in the 
more loosely-arranged parenchyma of the inner cortex and the pith. In these 
regions, the growing tips of the branches very frequently enter the large 
intercellular spaces. A striking illustration is shown in figure 15, which 
depicts the dichotomous end of a young sclereid just penetrating a very 
conspicuous air-lacuna. Buch (1870, p. 28), who apparently confined his 
observations to developing sclereids in the mesophyll of the lamina, states 
that the branch of a sclereid grows freely into an intercellular space “until 
it fills it completely.” Such a phenomenon has never been observed by the 
writer in the petiole of Camellia . 2 On the contrary, soon after its entrance 
into a lacuna, the extension of the tip of the tube ceases. At maturity, such 
intrusive tips may be seen to occupy only a portion of the intercellular 
lacuna (fig. 21). 

The markedly extensible nature of the primary wall of young sclereids 
is very clearly illustrated by the development of the characteristic spicules 
which have been described earlier in this paper. From an ontogenetic stand¬ 
point, these structures represent “minor branches” of the cell and only 
differ in degree of development from the “major branches.” Spicules origi¬ 
nate during the formation of the major branches and like them are truly 
intercellular in their growth. As is shown in figures 13 and 14, young spicules 
appear as short conical protuberances which extend between the walls of 
certain of the parenchyma cells bordering on the main body of the sclereid 
and its branches. As is true of the main branches of a sclereid, the tips of 
the spicules may enter intercellular air spaces (figs. 19, 21, 22, 26). The 
factors which determine the frequency of intercellular outgrowths and 
hence the number and distribution of spicules on the mature sclereid are 
unknown. But it is interesting that the small and presumably less vigorously 
developing sclereids typically exhibit relatively few spicules (cf. figs. 4, 8). 
This suggests that wide differences in the physiology of wall growth may 
exist between sclereids occurring in the same general region of the petiole. 

As far as the writer could determine, the protoplast remains uninucleate 

2 According to Buch (1870, p. 16-18), the remarkable Il-shaped sclerenchyma cells 
in the petiole of Fagraea auriculata (Loganiaceae) owe their form to the development 
of parallel “ arms ’ 9 within the vertical air-spaces bordering the cell. Buch compares these 
cells and their development with the apparently similar elements found in the aerial roots 
of Mon&tera Lennea (cf. also the statements by Solereder 1908, p. 539-540). 

Explanation of figures 16, 17 

Transections of large ramified sclereids at the close of the period of intercellular 
growth. With the exception of the short pointed spicule at the upper right of figure 16, 
none of the tips of the branches are in the plane of section. Note the variation in the rela¬ 
tive position of the prominent nucleus in each sclereid. x380. 
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throughout the entire intercellular growth of the sclereid (figs, 9-14,16,17). 
This contrasts markedly with the multinucleate condition which arises 
during the extension of certain bast fibers (Esau 1938, 1943). Because of 
the irregular form which is acquired early by the developing sclereid, inter¬ 
pretations based on serial sections may be open to question. To eliminate this 
objection, thin slices of petioles were fixed in absolute alcohol-acetic acid, 
macerated in 50 per cent hydrochloric acid, and smears stained in aceto- 
carmine. A single large, weakly chromatic nucleus was observed in all 
immature sclereids which wore suitable for study by this technique. During 
the late phases of secondary-wall formation, the sclereid likewise appears 
uninucleate (figs. 26, 27, 29-32). According to Puchinger (1923) a single 
lens-shaped nucleus with two nucleoli is present in the mature sclereids of 
leaves of Thea japonica. Her observations indicate that the sclereids retain 
their nuclei for as long as three years. 

DEVELOPMENT OF THE SECONDARY WALL AND PIT CANALS 

During its phase of enlargement and intercellular growth, the sclereid 
is provided with a thin primary wall. The extremely tenuous nature of this 
membrane is clearly shown when the intercellular branching of the initial 
begins as well as in certain favorable sections of older tubes (figs. 9-14). 
Exceptionally clear views of the primary wall are also obtained at the points 
of entrance of the delicate ramifications of a sclereid into air-lacunae (fig. 
15). When enlargement ceases, the sclereid rapidly acquires a massive sec¬ 
ondary wall which may develop to such an extent that the lumen becomes 
occluded or reduced to a narrow channel, particularly in the branches (figs. 
2, 3, 5, 6, 7). 

Although the irregular form of the sclereid makes interpretation very 
difficult, it is probable that secondary wall formation is initiated uniformly 


Explanation of figures 18-26 

Fig. 18. Transection of ramified sclereid from cortex showing an early stage in the 
development of the secondary wall. Note the shrunken cytoplasm and the single nucleus. 
Figs. 19-22. Transections of sclereids from the pith region of the petiole. Fig. 19. Large 
branched type with thick secondary wall and abundant ramiform pit-canals. Note the 
extension of spicules into air-spaces at the lower right and center of this cell. Fig. 20. Two 
sclereids in contact, the upper represented by a branch shown in transection. A portion 
of the vascular bundle appears at the right of these sclereids. Fig. 21. Sclereid with tip 
lying free in an air-lacuna. Note spicules at upper edge of this cell. Fig. 22. Sclereid, 
showing early stage of secondary wall and pit-canals. Observe the prominent spicules of 
this cell, some of which extend into air-lacunae. Figs. 23-26. Transections of sclereids 
from the cortex of the petiole. Fig. 23. Branched type, showing numerous and closely- 
spaced pit-canals. Fig. 24. Stellate type, showing pit-canals in the thick secondary wall. 
Fig. 25. Large, irrgeularly branched type. Note the conspicuous pit-fields (light areas) 
in the walls of adjacent parenchyma cells. Fig. 26. Fusiform type, comparable in general 
form to the cell shown in figure 5. Note the solitary nucleus, the numerous pit-canals and 
the prominent spicule (upper edge, near center). All figures x 190. 
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throughout the entire cell. When first recognizable, the young secondary 
wall is stained a brilliant red with safranin and thus is sharply demarcated 
from the purplish-blue primary walls of the adjacent parenchyma cells 
(fig. 18). At this stage, the secondary wall is provided with small shallow 
pits which are sparsely and unevenly distributed. But as the centripetal 
deposition of the wall continues, the characteristic pit-canals make their 
appearance and become increasingly evident and numerous. At maturity, 
the secondary wall is penetrated by very numerous, slender and often rami¬ 
fied canals which impart a distinctive character to the sclereids of Camellia 
(figs. 19-26). 

The investigation of the origin and development of the pit-canals from 
the simple pits is difficult because the former are so frequently oriented 
obliquely with reference to the plane of section. As a result, extensive areas 
of the secondary wall may appear to be traversed by “short” canals which 
fail to extend to the primary wall of the cell (figs. 23, 26). Furthermore 
where ramified canals occur, many of the “branches” curve out of the plane 
of section and thereby produce characteristic effects which are difficult 
to interpret (figs. 19, 24). It seems clear that the failure to recognize ade¬ 
quately these difficulties is largely responsible for Cavara’s (1897, p. 73-74, 
pi. XXXI, figs. 17-21) description of canal development. He states: “These 
canals at first are 2.5 microns apart, they are circular in section and .05-08 
microns in diameter. Their arrangement is spiral and very regular, as can 
be seen in profile. As the wall thickness increases , the canals increase in 
inumber , new ones intercalating themselves between previous ones through 
new plates of thickening.” (Italics mine.) 

The present investigation furnishes no support for this interpretation. 
If Cavara’s view were correct, the intercalation of new canals between older 
ones would obviously require some type of centrifugal penetration of the 
secondary wall by cytoplasmic extensions. Careful examination of young 
stages provides no evidence for such an assumption. When thin serial sec¬ 
tions are compared, it becomes evident that the “new” canals described 


Explanation of figures 27-32 

Transactions of portions of the secondary wall of cortical sclereids to show details 
of pit-canals. Fig. 27. Young stage in secondary-wall development. A completely-sectioned 
pit-canal is paired with a primary pit-field at the upper edge of the sclereid. Fig. 28. 
Section illustrating the oblique course of the canals in the secondary wall. Pairing between 
pit-fields and pit-canals is shown at left and right near the base of the sclereid. Fig. 29. 
Illustrating the ramiform pit-canals in a prominent spicule (lower right). Note that a 
curved canal in the spicule is paired with a pit-field in the adjacent parenchyma ceU. 
Fig. 30. Illustrating ramiform pit-canals (lower edge), and spicules. Two of the canals 
lie opposite corresponding pit-fields. Fig. 31. Showing two perfectly bisected pit-canals 
at upper edge of sclereid, and the corresponding pit-fields in the parenchyma cell. Fig. 32. 
Showing tw'o completely sectioned pit-canals (lower edge). Note the small circular cham¬ 
bers and the pit-membranes. All figures x 550. 
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by Cavara merely represent the inner portion of canals which run obliquely 
through the entire thickness of the secondary wall. A striking example is 
furnished by figure 28. At the lower left of the sclereid, the characteristic 
curved and oblique course of the canals is very evident. Just above this 
region, a series of four canals may be seen, of which only one extends com¬ 
pletely through the wall and coincides with the pit-field of the adjacent 
parenchyma cell. The other three canals clearly extend at successively more 
oblique angles, culminating in the short and “incomplete” canal at the top 
of the series. 

Since the selereids typically develop as idioblasts, the question naturally 
arises as to the relationship between their very numerous pit-canals and the 
“sieve pitting”’* on the contiguous walls of parenchymatous elements. As 
stated earlier in the paper, there is good reason for believing that the inter¬ 
cellular extension of the primary wall of the sclereid results in the splitting 
apart of certain of the paired primary pit-fields between the parenchyma 
cells lying in its path. Under such -circumstances, one might expect that 
the pit-canals would coincide in position with some (all?) of the separated 
members of the originally paired pit-fields. This can be demonstrated in 
many instances and is not surprising in view of the well-developed character 
of the sieve-pitting of the parenchyma cells. In figures 27-32, one or more 
entire pit-canals coincide with primary pit-fields in adjacent parenchyma 
cells. This relationship is particularly well shown in figures 29 and 32 where 
the delicate membranes separating the pit-chambers from the pit-fields are 
clearly seen. 

In sectional view, a pit-canal consists of a cone-shaped channel extend¬ 
ing from the inner surface of the secondary wall to the small circular pit- 
chamber. The latter is slightly overarched by the secondary wall and hence 
may be designated as “bordered” (figs. 27-32). 

Extensively “branched” pit-canals develop at various regions of the 
wall and are particularly well-shown in all of the larger spicules (figs, 19, 
21, 22, 26, 29, 30). A study of their ontogeny shows that the “main channel” 
represents the lateral extension of the lumen into the spicule while the 
“branches” are a series of originally separate canals which coalesce with 
the former during secondary-wall thickening. As is shown in figure 19, such 
ramiform canals are often very complex and difficult to interpret. In the 
simpler cases, however, it is possible to see that some of the lateral canals 
are paired with pit-fields in the adjoining parenchyma cell. Often this is 
associated with a remarkable degree of curvature of the canals (figs. 29-30). 

An intensive study of the structure and chemical composition of the sec- 

3 This term is used to designate collectively the numerous primary pit-fields with their 
plasmodesmata which occur in the primary walls of parenchyma cells (cf. Bailey and 
Faull 1934, p. 241-243). 
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ondary wall of the sclereid has not been attempted. Nevertheless it is note¬ 
worthy that throughout its development as well as in its mature condition, 
the wall appears “homogeneous / 9 i.e., non-stratified. This contrasts 
markedly with the easily visible lamellae in the secondary wall of the 
brachysclereids in the fruit of Pyrus and the pith of Hoya carnosa . 4 When 
sections of living petioles of Camellia japonica are treated with phloroglucin 
and hydrochloric acid, the thick walls of the sclereids become red. I-KI 
produces a bright l&non color. The reaction of the wall to these reagents 
is suggestive of the presence of “lignin.” Cavara (1897) emphasized that 
as soon as the wall begins to thicken, it assumes a lignified character. His 
microchemical tests showed that the degree of lignification .decreases 
inwardly in the wall, the innermost lamella giving the cellulose reaction 
with iodine and sulphuric acid. A careful investigation of the physico¬ 
chemical make-up of the wall with modern techniques seems highly desirable. 
This might reveal the presence of non-cellulosic lamellae such as Bailey and 
Kerr (1935, p. 279-280) have discovered in the walls of sclereids in a 
number of angiosperms. 

DISCUSSION 

The present investigation has called attention to the many remarkable 
aspects of the development, form, and adult structure of the sclereids of 
Camellia japonica. The data may now be discussed most conveniently under 
two main topics, viz.: (1) the development of the sclereid as an idioblast, 
and (2) the problem of classifying the sclereid from a morphological 
standpoint. 5 

Idioblastic Development. Unlike the development of many tissue ele¬ 
ment# which maintain contacts with all their neighbors during differentia¬ 
tion, the ontogeny of the sclereid in Camellia involves notable changes in 
the original intercellular relationships of this cell. Beginning its existence 
as an idioblast in the parenchyma, the sclereid produces delicate tubular 
processes which “intrude” into the adjacent tissue and may even extend 
freely into air-spaces (figs. 9-15). Jt is very clear that the direction of 
growth of these tubular branches does not coincide with the short vertical 
elongation of the petiole. On the contrary, branching occurs in the most 
varied planes and often is oblique or nearly transverse to the longitudinal 
files of short parenchyma cells surrounding the sclereid (figs. 13, 14). Evi¬ 
dently, therefore, the extension of the sclereid is not explainable in terms of 

*Buch (1870, p. 17) observed that the thick walls of the elaborately branched 
sclerenchyma cells of Fagraea auriculata exhibit a clearly laminated structure. The writer 
was able to confirm this observation in a study of macerated elements of a petiole of 
Fagraea secured from the herbarium of the University of California. 

« The writeV acknowledges with thanks the many helpful discussions on ‘ 4 scleren- 
chyma ,, with Professor I. W.'Bailey. 
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Priestley’s (1930) theory of “symplastic growth.” For this reason and also 
because there is no evidence of intracellular growth by the ramifying 
sclereid, it seems clear that true intercellular development must occur. 

Although this conclusion appears inescapable, many difficulties arise 
when one attempts to visualize the “mechanics” of this type of idioblastic 
development. Does a considerable portion of a tubular branch of a young 
sclereid literally “glide” or “slip” over the walls between two neighboring 
protoplasts? Or, is elongation strictly limited to the very tips of the sclereid 
branches? 

The latter type of growth movement in plant cells has been termed 
“intrusive growth” by Sinnott and Bloch (1939), who consider that true 
sliding growth “is rare or absent in most plant tissue and cannot be re¬ 
garded as an important factor in development.” Majumdar (1941, p. 170) 
reaches an essentially similar conclusion with respect to the fusiform initials 
of cambia and certain fibers. In their recent study of the development of the 
fibrous net in Luffa cylindrica , Sinnott and Bloch (1943, p. 98) state: “That 
the growth of the Luffa fibers is chiefly at their ends is indicated by the 
much thinner walls there. The two halves of a pit are always opposite each 
other, showing that there is no gliding after the pits are formed.” 

Because of the limitations of present technique, it is apparent that the 
evidence in favor of either “gliding growth” or “intrusive growth” is neces¬ 
sarily indirect. This will be true until methods have been devised for the 
direct observation of internal differentiating cells. Furthermore, the distinc¬ 
tion between these two types of growth movements appears to be one of 
degree rather than of kind. For example, it seems clear from Bailey’s (1923, 
p. 502-505) investigations that i-ather extensive wall elongation occurs 
during the increase in girth of non-stratified cambia. In such tissue, accord¬ 
ing to Bailey “the fusiform initials elongate, sliding by one another, until 
they attain a certain size.” In contrast the fusiform initials of stratified 
cambia “divide radio-longitudinally and the products of such divisions 
expand laterally, but they do not elongate to any considerable extent.” 
These differences in the degree of intercellular growth of eambial initials 
seem analogous to the various degrees of branching of the sclereids in 
Camellia. In the development of the “major branches” of a sclereid, elon¬ 
gation of considerable portions of the primary wall seems entirely possible. 
Oil the other hand, the growth of the characteristic spicules is more limited 
and very probably represents “intrusive growth.” Vochting (1908), in his 
classical treatise on morphogenesis, paid much attention to the bizarre types 
of idioblastic sclereids which were produced in great abundance in the 
tumors on leaf-bases of kohlrabi. With reference to the development of the 
sclereids Vochting states (p. 192) : “It is without further explanation clear 
that the penetration of the processes between the neighboring cells can only 
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be visualized by means of ‘gliding’ growth, which, as one sees in our tumors 
as well as in wound-tissue and other places in the plant, is of wide distri¬ 
bution.” (Cf. also Kiister 1935, p. 553-554.) 

Whether the branched sclereids in Camellia are produced by “sliding” 
or “intrusive” growth, it seems evident that some of the original pairs of 
pit-fields, with their protoplasmic connections (or contacts) must be split 
apart. As discussed earlier in this paper, the slender and often ramified 
pit-canals of the sclereid are laid down opposite certain of the separated 
pit-fields of adjacent parenchyma elements (figs. 27-32). It has not been 
possible, however, to determine the effects of intercellular growth upon the 
middle lamella through which the tubular branches must penetrate. Since 
Kerr and Bailey (1934) have shown that the middle lamella is amorphous 
and plastic in character in young tissue, it is possible that the tubes “digest” 
their way between cells by the secretion of enzymes which act both chemi¬ 
cally and physically upon polyuronides (cf. Pat on 1921). This possibility 
of course needs to be tested experimentally. 

Morphology of the Sclereid. The difficulties which arise in any attempt 
to classify morphologically the varied cell types in plants have been dis¬ 
cussed recently by the writer (Foster 1942, p. 32-43). While it is relatively 
easy to demarcate the extremes in cellular specialization, frequent intergra¬ 
dations in form, wall structure, pitting, etc., occur and preclude rigid 
categories. The cells considered in this paper furnish a good illustration of 
the problems, because eleven more or less distinct terms have been applied 
to them since their discovery (table 1). When the various terms are examined 

TABLE 1. Summary of the terms which have been used in attempting to classify 
morphologically the branched cells in the leaf of Camellia. 

All authors in this table are listed under ‘ ‘Literature Cited. ” 


Term 

Fibers 

Sclerenchyma cells 

Bast cells 
Idioblasts 

Trichoblasts 

Sclereids 

Astrosclereids 

Bast fibers 
Stone cells 

Stereocytes 

Sclerites 


Originator 


Mettenius (1865) 

f 

Sachs (1874) 

Sachs (1882) 
Tschirch (1885) 
Tschirch (1885) 


? 

f .« 

Chodat (1920) 
Seward (1906) 


Applied to branched cells 
of Camellia leaf by 


Mirbel and Payen (1849, 1850) ; DeBarv 
(1884); Dippel (1898) 

Mettenius (1865); Buch (1870); Wiesner 
(1890); Palladin (1914) 

Hofmeister (1867) 

Cavara (1897) ; Kochs (1900); Solcreder 
(1908) 

Sachs (1882) ; Luerssen (1893) 

Melchior (1925); Puchinger (1923) 
Tschirch (1885, 1889) ; Haberlandt (1914) ; 
Jackson (1916); Kiister (1935); Foster 
(1942) 

Goodale (1885) 

Schumann (1889) ; Warming-Johansen 
(1909) 

Chodat (1920) 

Beauvisage (1920) 
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from an historical standpoint, it at once becomes clear that much of the 
confusion has arisen from (1) the gradual modification of Mettenius’s 
(1865) concept of “sclerenchyma,” and (2) the strong influence of 
Schwendener’s (1874) physiological classification of “mechanical elements.” 

TABL E 2.. Diagram showing the main steps in the historical 
development of the concepts of ,, sc/erenchyma”anc/ "stereome." 

All authors in this fable are listed under “Literature Ci'lred.* 


SCLERENCHYMA 
Morphological Concept 
originated by Metfenius (1865) 

Included: thick-walledparenchyma andpros enchyma 
exclusive of a bast f of vascular bundles 


Y 



Modification of Original Concept Retention of Original Concept 

by 

3 uth (IS TO), Sachs (Ml), hV/esner(lS90) 

\ 


De Barys (1864) categories 
of j ciertnchym a : 

1. Short sc/erenebymatous 
e foments ('stone cells ”) 

2. Sc/erenchymatous fibers 
(bast and libriform) 


Tschirch's (f889)categories 
of "sc/ereids": 
l Bracbysclere/ds 

2. Osteosc/ereids 

3. Astrosdereids 

4. Mo eras c/ere ids 


J achs 1 (f 888) categories 
of "mechanical 
idiobiasts >J : 

/. Sc/eroh/asts 
2. Trichoblasts 


Adopted by; v 

Fames andMacDcmfols(t985) Adopted by; 
Hayward (1938) Foster (1942.) 



Haberiandt’s (1914) 

/ categories ofsterdas 
/. B ast fibers 
2. Wood fibers 
(libriform cd/sj 
[3. Collenchyma 
4. 8 c I ere ids 


STEREOME 


Physiologica.l Concept 
originated by Schwendener (1874) 

Included following types of mechanical cells 
or “stereids ” : bast cells, libriform cells } 
and bast-like collenchyma 
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As is shown in table 2, the concept of sclerenchyma as originally defined 
by Mettenius (1865) included thick-walled 4 'parenchyma’’ and “prosen- 
cbyma” exclusive of the bast fibers of the vascular system. Buch (1870, 
p. 16) accepted this idea and emphasized that his concept of 4 4 sclerenchyma 
cells” -included 44 all strongly thickened cells lying outside the vascular 
bundle, regardless of the ultimate form of the cell.” Mettenius cited as an 
example of sclerenchyma cells the isolated thick-walled elements in the 
petiole of Camellia , and his viewpoint was later adopted by Buch (1870), 
Wiesner (1890), and Palladin (1914). Sachs (1882) likewise accepted 
Mettenius’s concept of sclerenchyma and proposed the terms “scleroblast” 
and “trichoblast” for sclcrenchvmatous idioblasts which do not form a true 
tissue. Under “trichoblasts,” Sachs included the branched cells in Camellia 
leaves as well as the 44 internal hairs” of Nnphar and Monstera . Reference to 
table 1 will show that Sachs’ more general term “idioblast” has been pre¬ 
ferred by a number of writers, although when used in this sense for the 
branched cells of Camellia it is entirely noncommittal in a morphological 
sense. 

Strongly influenced by the physiological ideas of Schwendener, Tschirch 
(1885, 1889) proposed the term 4< sclereid” for a class of thick-walled 
44 mechanical cells” which he believed are distinct in form and wall- 
structure from 44 bast cells” (i.e., bast fibers). His categories of sclereids 
(cf. table 2) are based principally upon the form of the cell and include 
idioblastic types (i.e., “osteosclereids” and “astrosdereids”) as well as 
tissue-formiug types (i.e., 4< brachysclereids” and “macrosclereids”). The 
term selereid, because it is brief and etymologically clear, has much to 
commend it and hence has been adopted in this paper and in the writer’s 
recent book (Foster 1942, p. 67-72). As is shown in tables 1 and 2, it has 
been applied to the branched cells of Camellia by Melchior (1925) and 
Puchinger (1923), and is used by Haberlandt (1914, p. 158) to designate 
one of the four main types of <4 stereids. ” G 

Beginning with DeBary’s (1884) classic text, the original concept of 
sclerenchyma was broadened to include bast and libriform fibers as well 
as 44 short” sclerenchvmatous elements (e.g., 44 stone cells”). Unfortunately 
this did not lead to any general agreement on the most appropriate classi¬ 
fication of the branched cells in Camellia. DeBary (1884), Goodale (1885), 
and Dippel (1898) regarded these cells as “fibers,” while Schumann (1889) 
and Warming-Johansen (1909) designated them as “stone cells.” Chodat 
(1920) likewise interpreted the cells as fibers and his special term “stereo- 

6 It will be noted from table 2 that Haberlandt recognizes collenehyma as a category 
coordinate with fibers and sclereids. Since “typical” collencliyrna colls develop only pri¬ 
mary walls (Esau 1936) and are capable of growth and division even when mature, Haber¬ 
landt ’s classification is open^to criticism, at least from a morphological standpoint. 
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cytes” reflects the additional influence of Schwendener (cf. table 2). The 
term “sclerites” is not obviously related either to the concept of “scleren¬ 
chyma” or “stereome.” It was applied by Seward (1906) to the branched 
idioblasts found in the .leaves of Araucaria and Agathis and was employed 
in a similar way for the branched cells of Camellia by Beauvisage (1920) 
in his monograph on the Ternstroemiaceae. 

From the historical analysis just given and in the light of the present 
investigation, it is evident that the whole concept of sclerenchyma merits 
careful re-examination. Solereder (1908, p. 1091-1092) lists 84 families of 
dicotyledons in which idioblastic 1 i sclerenchyma’’ cells occur in the meso- 
phyll of the leaf. He rather loosely terms all such elements “spicular cells/’ 
apparently adopting the term from Hooker’s (1864) designation of the 
remarkable crystal-bearing cells found in Wclwitchia . According to Matsuda 
(1894, p. 128; pi. IV, fig. 20) crystal-bearing sclerenchyma cells, essentially 
similar to those of Welwitchia, occur in the dicotyledon Kadsnra japonica. 
The need for broad comparative studies is thus very clear. They should 
include investigations not only on cell development but also on the structure 
and chemical make-up of the secondary wall. Important advances in this 
direction have already been made on fibers of various types by Bailey and 
Kerr (1935) and Esau (1938, 1943). When more data ar,e available, it may 
be possible to differentiate more scientifically a series of categories under 
“sclerenchyma.” It seems clear that both fibers and sdereids of various 
types would occur in any morphological classification of this kind. 

Postscript. After completing the entire manuscript for this paper, 
the writer “discovered” a much-neglected treatise on the comparative 
morphology and functions of sdereids in seed plants. This remarkable work, 
consisting of 96 pages of text and 3 plates, was written in 1890 by C. J. 
Wijnaendts Francken and appeared as a printed dissertation from Utrecht 
University under the title of “De Sdereiden.” The fact that this disserta¬ 
tion was not subsequently published in a scientific journal doubtless explains 
why it has not been more widely noted in histological literature. Apparently 
the only previous allusion to it is by Solereder (1908), who includes it among 
the literature “references” under certain dicotyledonous families. With 
the indispensable aid in translation given by the writer’s colleague, Dr. 
George F. Papenfuss, it is evident that “De Sderei’den” is monographic 
in scope. It includes not only a description of sdereid morphology in seed 
plants (14 genera of gymnosperms and representatives of 14 families of 
angiosperms are considered) but it also attempts to review critically the 
problems of terminology and classification of the varied forms of idio¬ 
blastic sdereids from much the same standpoint which has been adopted 
by the present writer. Wijnaendts Francken was evidently strongly influ¬ 
enced by the ideas of Schwendener, Tschirch, and Haberlandt, as is shown 
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by his effort to demarcate sharply between 4 ‘bast fibers ’’ and “sclereids.” 
While recognizing that intergradations occur between these two cell types, 
he concludes that sufficient differences exist to justify separate terms for 
them. He also emphasizes that although sclereids usually originate from 
“ground tissue” cells, their distribution within organs is so varied that 
they cannot be regarded as a “unity” either ontogenetically or phylo- 
genetically. As regards the Ternstroemiaceae, he investigated the sclereids 
of Camellia japonica, C. sasangua, Then viridis, and T. Bohca. In Camellia 
he was unable to detect, even by using reagents, any lamellae in the sec¬ 
ondary wall and he described the latter as “homogeneous.” This observation 
is supported by the present investigation. Space does not permit further 
discussion, blit the writer desires to emphasize his belief that “De 
Sclereiden” deserves the attention of modern workers and should serve as 
a valuable orientation for the much-needed comparative investigations on 
sclereids in seed plants. 

SUMMARY 

This paper describes a study of the structure and development of the 
sclereids in the petiole of Camellia japonica. 

The sclereids occur as typical idioblasts distributed in the parenchyma 
of “cortex” and “pith.” When isolated by maceration, the adult sclereids 
are remarkably polymorphic cells, ranging in shape from fusiform types 
.to elaborately ramified elements. In all form-types, more or less numerous, 
short, conical or irregular protuberances are characteristic. These protuber¬ 
ances are termed “spicules” and their occurrence on the petiolar sclereids 
of C. reticulata and C. sinensis is noted. 

Sclereids originate from parenchymatous cells of the cortex and pith 
of the petiole during the final phase of enlargement of the foliage leaf. 
Tbtf initial cells, despite their idioblastic distribution, can be identified by 
their greatly enlarged nuclei. During the earliest stages of development, 
the sclereid initial produces one or more delicate tubular branches which 
extend between the walls of neighboring tissue-elements and may ultimately 
penetrate certain of the intercellular air-spaces. The continued ramification 
of the sclereid is accompanied by tfie origin and development of “spicules” 
which, like the major branches, grow in between the walls of adjacent 
parenchyma cells. Throughout the life of the sclereid, the protoplast remains 
uninucleate. 

When the sclereid has completed its intercellular development, a massive 
secondary wall, traversed by slender and often ramiform pit-canals, is 
produced. A pit-canal consists of a cone-shaped channel extending from 
the lumen to the small circular chamber. The latter is slightly overarched 
by the secondary wall and is paired with a pit-field in the wall of the 
adjacent parenchyma cell. 
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The intercellular development of the sclereid is discussed with reference 
to the theories of “gliding” and “intrusive” growth. While the latter type 
of growth probably occurs during spicule development, the elongation of 
the major branches is not necessarily restricted to their tips. 

The problem of classifying the sclereids of Camellia morphologically 
is discussed and the confused terminology is examined in the light of the 
historical development of the concepts of “sclerenchyma” and “stereome.” 
The need for comparative studies on the development and wall structure of 
sclerenchyinatous cells is emphasized. 

Department of Botany, University of California 
Berkeley, California 
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Hunziker, A. T. Las ©species alimenticias de Amaranthus y Chenopodinm culti- 
vadas por los Indios de America. Rev. Arg. Agron. 10: 297-354. pi. 21-28. 
f. 1-15. 5 D 1943. 

Jones, Gk N. Geranium nervosum. Rhodora 46: 28. 22 Ja 1944. 

Lakela, O. Notes on Minnesota plant life. Rhodora 46: 25-28. 22 Ja 1944. 
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Little, E. L. American smoketree (Cotinus obovatus Raf.), one of Oklahoma’s 
rarest tree species. Proc. Okla. Acad. 23: 21-23. 1943. 

Little, E. L. Later generic homonyms among North American mosses. Bryologist 
40: 105-125. D 1943 [20 Ja 1944]. 

Lowe, C. W. List of flowering plants, ferns, club mosses, mosses and liverworts of 
Manitoba. 1—110. Nat. Hist. Soc. Manitoba. N 1943. 

Marie-’Victoria, Frere. Les hautes pinedes d’Haiti. Nat. Canad. 70: 245-258. 
f. 1-12. N-D 1943 114 F 1944], 

Maxon, W. R. Viplazium lonchophyllum in Louisiana, Am. Fern Jour. 34: 21- 

24. J-Mr 1944. 

Maxon, W. R. Nephrolepis tuberosa (Willd.) Presl. Am. Fern Jour. 34: 25. 
Ja-Mr 1944. 

Maxon, W. R. Three new species of Alsopliila from Colombia and British Hon¬ 
duras. Jour. Wash. Acad. 34: 46-49. f. 1 . 15 F 1944. 

Mille, P. L. El algalrobo. Bol. Inst. Bot. [Quito] 2V: 159-162. 5 O 1943. 
Monachino, J. A Colombian species of Sterigmapctaluni. Trop. Woods 77: lb- 
12. 1 Mr 1944. 

Monachino, J. Herniaria glabra , var. subciliata in New York. Rhodora 46: 23- 

25. 22 Ja 1944. 

Monachino, J. A revision of Couma and Parahancornia (Apocynaeeac). Lloydia 
6: 229-247. 1) 1943 [ F 1944]. 

Moraes Mello, E. M. & Sampaio Fernandes, J. Contribuicao ao estudo das plantas 
toxicas Brasileiras. Rio de Janeiro—Ministerio da Agric. 1-106p. 6 col. 
pl. + f. IS. 1941. 

Morton, C. V. A new Trichomancs from Colombia. Am. Fern Jour. 34:* 19, 20. 
1 f. Ja-Mr 1944. 

Munz, P. A. Studies in Onagraceae—XIJT. The American species of Ludwigia. 

Bull. Torrev Club 71: 152-165. 1 Mr 1944. 

Papenfuss, G. F. Notes on algal nomenclature. III. Miscellaneous species of 
Chlorophyceae, Phaeopliyceae, and Rhodophyceae. Farlowia 1: 337-346. 
Ja 1944. 

Parodi, L. R. Una nueva especie de “ Sorghum ” cultivada en la Argentina. Rev. 

Arg. Agron. 10: 361-372. pi. 31-Si + /. 1-3. 5 P 1943. 

Patterson, P. M. Additional mosses from Mountain Lake, Virginia. Bryologist 
46: 126-128.I) 1943 [20 Ja 1944]. 

Pease, A. 8. Cirsium Flodmani in New England. Rhodora 46: 87, 88. Mr 1944. 
Prescott, G. W. New species and varieties of Wisconsin algae. Farlowia 1: 347- 
385. pi. l-o -f /. 1. Ja 1944. 

Raymond, M. Quelques progr^s r^cents dans la connaissance des Care.r du Quebec. 

Nat. Canad. 70: 259-278. /. 1, 2. N-D 1943 114 F 1944]. 

Record, S. J. Random observations on Tropical-American timbers. Trop. Woods 
77: 1-10. 1 Mr 1944. 

Rousseau, J. Deux nouveaux Astragalus du Quebec. Nat. Canad. 71: 5-14. f. 1 , 
3. Ja-F | Mr] 1944. 

Schwelnfurth, C. Notes on Peruvian orchids. Bot. Mus. Leafl. 11: 215, 216. Mr 
1944. 

Schwelnfurth, C. Notes on tropical American orchids. Bot. Mus. Leafl. 11: 173- 
200. 7 F 1944. 

Schwelnfurth, O. A novelty in Xniobium from Peru. Am. Orchid Soc. Bull. 12: 
350-352. 1 pi. 1 Mr 1944. 
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Sebold, H. R. Lonicera Standishii. Native of China. Addisonia 22: 15, 16. pi. 
718 . Ap 1943 [3 Mr 1944], 

Shlnners, L. H. Aster acadiensis nom. nov. Rhodora 40: 31. 12 F 1944. 

Smith, A. C. Reminiscences of fern collecting in Fiji. Am. Fern Jour. 34: 1-16. 
pi, 1, 8. Ja-Mr 1944. 

Smith, 0. P. Species Lupinorum. Saratoga, Cal. 305-320. 7 Ja 1942. 321-326. 

D 1943. 337-368. Ja 1944. 369-384. F*1944. 385-400. F 1944. 

Smith, Mrs. F. O. A fern new to Worcester County, Massachusetts. Am. Fern 
Jour. 34: 24. Ja-Mr 1944. 

Standley, P. O. ft Steyermark, J. A. Studies of Central American plants—IV. 

Field Mus. Bot. Ser. 23: 31-109. 14 F 1944. V. 113-150. 24 Mr 1944. 
Stewart, R. R. Polygonatum oppositifolium. Native of central and eastern Hima¬ 
laya. Addisonia 22: 3, 4. pi, 706, Ap 1943 [3 Mr 1944], 

Summerhayes, V. S. African orchids. XIV. Bot. Mus. Lead. 11: 201-214. 3 Mr 
1944. 

Tansey, J. W. Hexisea bidentata. Native of Central America. Addisonia 22: 1, 
2. pi. 705. Ap 1943 [3 Mr 1944]. 

Tiffany, L. H. ft Britton, M. E. Freshwater Chlorophyceae and Xanthophyeeae 
from Puerto Rico. Ohio Jour. Sci. 45: 39-50. Ja 1944. 

Vargas C., C. Nuevas especies de papas silvestres del Peru. Rev. Arg. Agron. 
10: 396-398. 5 D 1943. 

Weatherby, C. A. A southern variety of Polypodium peltatmn. Am. Fern Jour. 
34: 17-19. Ja-Mr 1944. 

Wherry, E. T. Note on the southeastern relatives of Lycopodium inundatum. 
Am. Fern Jour. 34: 24. Ja-Mr 1944. 

Wynne, F. E. Drosera in eastern North America. Bull. Torrey Club 71: 166-174. 
f. 1-18. 1 Mr 3944. 

Wynne, F. E. Range extensions of mosses in western North America. Bryologist 
46: 149-155. /. 1 , 2. D 1943 [20 Ja 1944]. 

MORPHOLOGY 

(including anatomy, and cytology in part) 

(See al80 under Plant Physiology: Kiley) 

Blaser, H. W. Studies in the morphology of the Cyperaeeae. II. The propliyll. 

Am. Jour. Bot. 31: 53-64. /. 1-55. Ja [7 F] 1944. 

Bloch, R. Developmental potency, differentiation and pattern in meristeins of 
Monstera dcliciosa. Am. Jour. Bot. 31: 71-77. f. 1-11. F |Mr] 1944. 
Cheadle, V. I. Specialization of vessels within the xylem of each organ in the 
Monocotyledoneae. Am. Jour. Bot. 31: 81-92. /. 1-11. F |Mr] 1944. 

Dodd, J. D. Three-dimensional cell shape in the carpel vesicles of Citrus grandis. 

Am. Jour. Bot. 31: 120-127. f. 1-19. F [Mr] 1944. 

Eigsti, O. J. The occurrence of a pollen tube with four sperms and two tube nuclei 
in Polygonatum. Proc. Okla. Acad. 22: 134-136. /. 1-5. 1942. 

H&upt, A. W. Multiple eggs in Symphyogyna. Bryologist 46: 139-141. D 3943 
[20 Ja 1944]. 

O’Donnell, O. A. ft Rodriguez, J. M. Contribucion al conocimiento liistologico de 
la materia medica indigena. Arch. Farm. Bioquim. 1: 17-34. pi. 1-8 + f. 
1-8. 1943. 

Plymale, E. L. ft Wylie, R. B. The major veins of mesomorphic leaves. Am. 
Jour. Bot. 31: 99-106. /. 1-9. F [Mr] 1944. 
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Rimbach, A. El a jo silvestre (Nothoscordnm inodorum). Bol. Inst. Bot. [Quito] 
2 s . 4 : 74-85. /. 1-5. 5 O 1943. 

Skoog, P. Growth and organ formation in tobacco tissue cultures. Am. Jour. 
Bot. 31: 19-24. /. 1-6. Ja L7 F] 1944. 

Smith, G. M. Microaplanospores of Vaticheria. Farlowia 1: 387-389. f. 1 , 2. 
Ja 1944. 

Steil, W. N. Peculiar fern prothalia. Bull. Torrey Club 71: 93-98. /. 1-9. 25 Ja 
1944. 

Went, F. W. Morphological observations on the tomato plant. Bull. Torrey Club 
71: 77-92. /. 1-22. 25 Ja 1944. 

PLANT PHYSIOLOGY 

(See also under Morphology: Skoog; under Mycology: Gottlieb, Waksman et al.) 
Allard, H. A. Lengtli-of-day behavior of Nicotiana gossei . Jour. Agr. Res. 67: 
459-464. /. 1-3, 1943. 

Bailey, L. F. A McHargue, J. S. Effect of boron, copper, manganese, and zinc 
in the enzyme activity of tomato and alfalfa plants grown in the greenhouse. 
Plant Physiol. 19: 105-116. f. 1-5. Ja [Mr] 1944. 

Berger, J. & Avery, G. S. Glutamic acid and isocitric acid dehydrogenases in the 
Arena coleoptile and the effect of auxins of these enzymes. Am. Jour. Bot. 
31: 11-19. /. 7-3. Ja ( 7 F] 1944. 

Biddulph, O. A Markle, J. Translocation of radio-phosphorus in the phloem of 
the cotton plant. Am. Jour. Bot. 31: 65—70. /. 1-3. F [Mr] 19^4. 

Brewer, G. E. F. & Godar, E. Buffer values of the leaves of some plants. Plant 
Physiol. 19: 164-169. /. 7, 2. Ja [Mr] 1944. 

Crafts, A. 8. A Lorenz, O. A. Fruit growth and food transport in Cucurbits. 

Plant Physiol. 19: 131-138. Ja [Mr] 1944. 

Curtis, L. C. The exudation of glutamine from lawn grass. Plant Physiol. 19: 
1-5./. 1,2. Ja [ Mr J 1944. 

Emerson, R. L., Stauffer, J. F. A Umbreit, W. W. Relationships between phos¬ 
phorylation and photosynthesis in Chlorella. Am. Jour. Bot. 31: 107-120. 
/. 7->?. P [Mr] 1944. 

Hoagland, D. R. Lectures on the inorganic nutrition of plants. l-226p. pi. 1-23. 
Waltham, Chronica Botanica Co. 1944. 

Johnstone, G. R. A Feeney, F. L. Periodicity of Gelidium cart Hagineinn, a peren¬ 
nial red alga. Am. Jour. Bot. 31: 25—29. /. 1—3. Ja [7 F] 1944. 

Pratt, R. Influence of light on the infection of wheat by the powdery mildew, 
Krgsiphe graminis Iritici . Bull. Torrey Club 71: 134-143. /. 1, 2. t. 1-3. 
1 Mr 1944. 

Riley, H. P. Relative growth of flower parts of two species of Iris. Bull. Torrey 
Club 71: 122-133. /. 1-3, t. 1. 1 Mr 1944. 

Robbins, W. J. Plants need vitamins too. Torreya 43: 116-125. 21 1943 [10 F 
1944]. 

Robbins, W. J. A Kavanagh, F. Temperature, thiamine, and growth of Phy- 
comyces. Bull. Torrey Club 71: 1-10. /. 1-3, t. 1-3 . 25 Ja 1944. 

Sideris, C, P. A Young, H. Y. Effects of iron on chlorophyllous pigments, ascorbic 
acid, acidity and carbohydrates of Ananas comosus (L.) Merr., supplied with 
nitrate or ammonium salts. Plant Physiol. 19: 52-75. /. 1-16. Ja [Mr] 
1944. 

Sweeney, B. M. The effect of auxin on protoplasmic streaming in root hairs of 
Arena. Am. Jour. Bot. 31: 78-80. /. 1-3. F [Mr] 1944. 
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Taylor, H. A physiological study of diploid and related tetrapolid plants. Proc. 
Okla. Acad. 22: 137, 138. 1942. 

Thut, H. F. ft Loomis, W. E. Relation of light to growth of plants. Plant 
Physiol. 19: 117-130. /. 1-8 . Ja [Mr] 1944. 

Tingley, M. A. Concentration gradients in plant exudates with reference to the 
mechanism of translocation. Am. Jour. Bot. 31: 30-38. Ja [7 F] 1944. 
Vlamia, J. ft Davis, A. R. Effects of oxygen tension on certain physiological 
responses of rice, barley and tomato. Plant Physiol. 19: 33-51. /. 1-9 . Ja 
[Mr] 1944. 

Zimmerman, P. W. The formative influences and comparative effectiveness of 
various plant hormone-like compounds. Torreya 43: 98-115. /. 1-4, t, 1-5 . 
D 1943 [10 F 1944]. 

GENETICS 

(including cytogenetics) 

(See also under Taxonomy: Boyle; under Plant Physiology: Taylor) 
Babcock, E. B. ft Jenkins, J. A. Chromosomes and phylogenv of Crepis. III. 
The relationships of one hundred and thirteen species. Univ. Cal. Publ. 
Bot. 18: 241-291. /. 1-24. 30 N 1943. 

Cave, M. S. ft Constance, L. Chromosome numbers in the Hydrophyllaceae : II. 

Univ. Cal. Publ. Bot. 18: 293-298. f. 1-3 . 29 Ja 1944. 

Eigsti, O. J. ft Taylor, H. The induction of polyploidy in Phlox by colchicine. 

Proc. Okla. Acad. 22: 120-122. 1 pi. 1942. 

Myers, W. M. The randomness of chromosome distribution at anaphase I in 
autotriploid Lolium perenne L. Bull. Torrey Club 71: 144-151. f. 1-5 , 1. 
1-3. 1 Mr 1944. 

Rife, D. C. The genetics of certain common variations in Coleus. Ohio Jour. 
Sci. 46: 18-24. f. 1. Ja 1944. 

Rollins, R. C. Evidence for natural hybridity between Gunyule (Parthcniuvi 
argentatum) and Mariola (Parfhenium incanum). Am. Jour. Bot. 31: 
93-99. /. 1-10. F [Mr] 1944. 

Shull, 0. H. Genetics, the unifying sicence in biology. Torreya 43: 120-131. 
D 1943 [10 F 1944]. 

^tebbins, G. L. ft Tobgy, H. A. The cytogenetics of hybrids in liromus. I. Hybrids 
within the section Ceratochloa. Am. Jour. Bot. 31: 1-11. /. 1-16. Ja |7 
F] 1944. 

MYCOLOGY 

(See also under Plant Physiology: Pratt) 

Barghoom, E. 8. ft Linder, D. H. Marine fungi: Their taxonomy and biology. 

Farlowia 1: 395-467. pi. l-7.+f‘ 1-3. Ja 1944. 

Bennett, C. W. Latent virus of dodder and its effect on sugar beet and other 
plants. Phytopathology 34: 77-91. f. 1-7. Ja 1944. 

Berkeley, G. H. Root-rots of certain non-cereal crops. Bot. Rev. 10: 67-123. 
F 1944. 

Burllngham, G. 8. Studies in North American Russulae. Mycologia 36: 104- 
120. /. 1-2. Ja-F 1944. 

Carvajal, F. ft Edgerton, C. W. The perfect stage of Colletotrichum falcatum . 

Phytopathology 34: 206-213. /. 1-5. F 1944. 

Chester, K. 8. Physiogenic Jbrooming in Chinese elm. Proc. Okla. Acad. 23: 
46-49. /. 1. 1943. 

Costa, A. Multiplication of viruses in the dodder, Cuscuta campestris . Phyto¬ 
pathology 34: 151-162. f.l. F 1944. 
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Davidsoi^ B. W. ft Campbell, W. A. Observations on a gall of sugar maple. 
Phytopathology 34: 132-135. /. 1, 2. Ja 1944. 

Fitzpatrick, H. M. The first twelve years of the Mycological Society of America. 
Mycologia 36: 1-17. port. Ja-F 1944. 

Gk)ttlieb, D. The mechanism of wilting caused by Fusarium bulbigenum var. 
lycopcrsici. Phytopathology 34: 41-59. f. 1, 2. Ja 1944. 

Hansen, H. N. ft Rawlins, T. E. Cercospora fruit and leaf spot of olive. Phyto¬ 
pathology 34: 257-259. f. l.Y 1944. 

Hardison, J. R. Specialization of pathogenicity in Erysiphe graminis on wild and 
cultivated grasses. Phytopathology 34: 1-20. Ja 1944. 

Herre, A. W. C. T. A neglected field of study with the description of a new lichen 
from California. Farlowia 1: 391-393. Ja 1944. 

Hildebrand, E. N. New strain of Agrobacterium rubi from Boysenberry. Phy¬ 
topathology 34: 259, 260. /. 1. F 1944. 

Humphrey, H. B. ft Dufrenoy, J. Host-parasite relationship between the oat 
plant (Avrna spp.) and crown rust ( Puccinia coronata). Phytopathology 
34: 21-40. /. 1-6. Ja 1944. 

Jauch, C. La presencia de ‘* Cyliiulrocladium scoparium” en la Argentina. Rev. 
Arg. Agron. 10: 355-360. pi. 29 , 30. f. 1, 2. 5 I) 1943. 

Karling, J. S. Phagomy.ra algarum n. gen., n. sp., an unusual parasite with 
plasmodiophoralcan and proteomyxean characteristics. Am. Jour. Bot. 31: 
38-52. f. 1-74. Ja [ 7 F] 1944. 

Kern, F. D. ft Thurston, H. W. Additions to the Uredinales of Venezuela—III. 
Mycologia 36: 54-64. Ja-F 1944. 

Kunkel, L. O. Viruses in relation to the growth of plants. Torreva 40: 87-95. 
/. 1-9. I) 1943 110 F 1944]. 

Lepage, E. Los lichens, les mousses et les hepatiques du Quebec. TI. Nat. Canad. 
70: 282-289. N-D 1943 [F 1944.] III. Deuxieine section. Etude sommaire 
de la Pedologie. 71: 40-46. Ja-F (Mr] 1944. 

McClellan, W. D. A seedling blight of castor bean, Mein us communis. Phyto¬ 
pathology 34: 223-229. f. 1-4. F 1944. 

McCubbin, W. A. Relation of spore dimensions to their rate of fall. Phyto¬ 
pathology 34: 230-234. F 1944. 

McKinney, H. H. & Clayton, E. E. Acute and chronic symptoms in the tobacco 
ring-spot disease. Phytopatholgy 34: 60-76. / 1-4. Ja 1944. 

Mundkur, B. B. Tilletia tumefaeiens , a remarkable gall-forming smut from 
India. Phytopathology 34: 143-146. /. 1-4. Ja 1944. 

Negroni, P. Sobre el Paecilomyces Burn (Pollacci) Thom., como probable hongo 
entomogeno de la mariposa. Rev. Inst. Bact. [Buenos Aires] 11: 265-267. 
pi. 24 , 2f>. 8 N 1943. 

Newhall, A. G. A serious storage rot of celery caused by the fungus Ansatospora 
macrospora n. gen. Phytopathology 34: 92-105. f. 1-3. Ja 1944. 

Nickerson, W. J. Studies in the genus Zygosaccharomyces I. Transfer of 
Pellicle-forming yeasts to Zygopichia. Farlowia 1: 469—481. Ja 1944. 

Orton, C. R. Graminicolous species of Phyllachora in North America. Mycologia 
36: 18-53. Ja-F 1944. 

Reed, G. M. Phytopathology—1867-1942. Torreva 43: 155-169. I) 1943 [10 
F 1944]. 

Rogers, D. P. The genera Trechispora and Galzinia (Thelephoraceae). My¬ 
cologia 36: 70-103. /. 1-14. Ja-F 1944. 
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Singer, R. Notes on taxonomy and nomenclature of the polypores. Mycologia 36: 

66-69. Ja-F 1944. ' 

Sipe, P. P. Lichens of Crater Lake National Park. Bryologist 46: 135--138. D 
1943 [20 Ja 1944]. 

Smith, A. H. ft Heeler, L. R. New and interesting Agarics from Tennessee and 
North Carolina. Lloydia 6: 248-266. pl.1-4, /. 1. D 1943. [F 1944], 

Sprague, R. Phoma terrestris on Gramineae in the northern Great Plains. Phy¬ 
topathology 34: 129-131. Ja 1944. 

Stevens, N. E. Cranberry false blossom in relation to flooding water. Phyto- 
• pathology 34: 140-142. Ja 1944. ^ 

Tervet, I. W. TheOrelation of seed quality to the development of smut in oats. 
Phytopathology 34: 105-115. Ja* 1944. 

UUetrup, A. Further studies on a species of Helminthosporium parasitizing 
corn. Phytopathology 34: 214-222. /. t-3. F 1944. 

Valleau, W. D., Johnson, E. M. ft Diachun, S. Root infection of crpp plants and 
weeds by tobacco leaf-spot bacteria. * Phytopathology 34: 163-174. /. 1-8. 
IT 1944. 

Waksman, S. A., Bugle, E. ft Reilly, H. C. Bacteriostatic and bactericidal proper¬ 
ties of antibiotic substances, with special reference to plant-pathogenic 
bacteria. Bull. Torrey Club 71: 107-121. /. 1-5. 1 Mr 1944. 

Wallace, J. M. ft Lesley, J. W. Recovery from curly top jn the tomato in rela¬ 
tion to strains of the virus. Phytopathology 34: 116-123. f. 1. Ja 1944. 
Welmer, J. L. Botrytis leaf spot of vetch. Phytopathology 34: 245^-249. f. 1. 
F 1944. 

Whetzel, H. H. A new genus of the Sclerotiniaceae. Farlowia 1: 483-488. f. 1-6. 
Ja 1944. 

ECOLOGY AND PLANT GEOGRAPHY 

Cain, 8. A. Criteria for the indication of center of origin in plant geographical 
studies. Torreya 43: 132-154. D 1943 [10 F 1944]. 

Hutchinson, G. E. Limnological studies in Connecticut. VII. A critical examina¬ 
tion of the supposed relationship between phytoplankton periodicity and 
chemical changes in lake water. * Ecology 25: 3-26. /. 1-6. Ja 1944. 
McComb, A. L. ft Loomis, W. E. Subclimax prairie. Bull. Torrey Club 71: 46- 
76. /. 1-25. 25 Ja 1944. 

Maloney, M. M. Revegetation of coal stripped land near Henryetta, Oklahoma. 

Proc. Okla. Acad. 22: 123-129. f. 1-3 . 1942. 

Oosting, H. J. The comparative effect of surface and crown fire on the com¬ 
position of a loblolly pine community. Ecology 25: 61-69. Va 1944. 

Pessin, L. J. ft Chapman, R. A. The effect of living grass on the growth of 
longleaf pine seedlings in pots. Ecology 25: 85-90. Ja 1944. 

Williams, R. M. ft Oosting, H. J. The vegetation of Pilot Mountain, North Caro¬ 
lina: a community analysis. Bull. Torrey Club 71: 23-45. f. 1 , 2 ., 1. 1-4. 25 
Ja 1944. 

GENERAL BOTANY 

(including biography) 

Conklin, E. G. Jean Baptiste-Pierre Antoine’ de Monet, Chevalier de LarmSck. 

Genetics 29: [ ir-iv ] port. Ja 1944. * * 

Dade, H. A. Colour terminology in biology. Mycological Papers 6: 1-21. 2 
charts . J1 1943. _ ^ *« 

Drouet, T. William Albert Setchell. Am. Midi. Nat. 30: {>29-532. N 1943. jjJa 
1944]. 
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THE FUNCTION -AND STRUCTURE OF THE PARENCHYMA 
SHEATH PLASTIDS OF THE MAIZE LEAF 

M. M. Rhoades and Alcides Carvalho 1 

In connection-with a genetic study of chlorophyll variegation in maize 
(Rhoades 1943) it was necessary to prepare sectioned material of the leaf. 
When these Slides were examined, our attention was caught by the unusual 
plastids of the single-layered parenchyma or bundle sheath cells surround¬ 
ing the vascular bundles. A survey of the literature disclosed no account 
of these plastids which agreed with our conception of their structure and 
function; so a brief account has been prepared. 

Many grasses *h ave two cell layers surrounding the vascular bundles, 
while others have a single layer. Schwendener (1890) designated the outer 
layer as the parenchyma sheath and the inner layer, whose inner walls are 
often thickened,^as the mestome sheath. The parenchyma sheath cells 
of some grasses contain chloroplasts, while these cells of other grasses are 
colorless. The members of the subfamily Pooideae have the vascular bundles 
enclosed in a thi<^v- walled mestome sheath surrounded by a parenchyma 
sheath, while in the subfamily Panicoideae there is only a parenchyma sheath' 
(Arber 1934). That the cells of the parenchyma sheath of many grasses 
contain chloroplasts lias long been known, and their presence led Haber- 
landt. (1914) to suggest that the green parenchyma sheath cells might have 
an undiscovered function in addition to their acting both as the efferent 
tissue and as an unimportant addition to the chlorophyll-apparatus of the 
plant. Although this question posed by Haberlandt has been answered 
in part, it is the purpose of this paper to present further studies on the 
structure and function of the chloroplasts in the parenchyma sheath cells 
of the maize leaf. 

Schwendener (1890) and Strasburger (1891) reported that the 
parenchyma sheath enclosing the vascular, bundle of the maize leaf was 
chlorophyll-bearing, .lviesselbach (1916) observed that the parenchyma 
sheath cells of maize contained chloroplasts larger than those of the 
mesophyll cells. He further stated that .these plastids ‘‘assumed an abnormal 
elongated shape and grouped themselves in an* unnatural crescent arrange¬ 
ment about the outer edge of the cells” when subjected to a chrome-acetic 
fixing agent. WeatherWax (1923) mentions the large prominent chloroplasts 
of the parenchyma shoath but adds nothing to Kiesselbaeh’s observations. 

i Rockefeller Foundatitm Fellow at Columbia University. 
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Eames and MacDaniels (1925) figure a cross section of a corn leaf which 
gives a misleading picture of the parenchyma sheath plastids. They also 
identify the parenchyma sheath of grasses as the mestome sheath, which is 
contrary to the terminology of other investigators. Avery (1930) also 
figured and briefly described the parenchyma sheath of the leaf bundles 
of maize and stated: “The vascular bundles are surrounded by a chloro¬ 
phyll-bearing bundle sheath. The chloroplasts of the bundle sheath cells 
differ from those of other cells of the leaf. ,, Arber (1934) figures a cross 
section of a leaf bundle of maize showing the parenchyma sheath but makes 
no statement about the plastids. Sharman (1942) and Esau (1943) have 
made careful studies on the ontogeny of the vascular bundles of maize. 
Esau noted that the parenchyma sheath cells contained abundant large 
chloroplasts, while Sharman made no mention of the plastids. The papers 
cited above may be summarized, in so far as they concern the parenchyma 
sheath, as agreeing only that the single layer of cells comprising the 
parenchyma sheath around the vascular bundles in the maize leaf contains 
numerous chloroplasts larger than those of the mcsophyll cells. 

Zirkle (1929) in an intensive study of the plastids of maize recognized 
that the cells of the bundle sheath contained specialized chloroplasts con¬ 
cerned with starch storage. He believed that the smaller plastids of the 
mesophyll had central vacuoles containing starch when conditions were 
favorable for photosynthesis. Each plastid of the bundle sheath cells was 
thought to contain in the plastid vacuole a centrally located starch grain. 
According to Zirkle, the surfaces of these plastids possess pores leading to 
their central vacuoles. When the plastids were oriented on their flat surfaces, 
the pores appeared round, but when the plastids were viewed from the side 
they appeared as slits. He concludes that the pores are concentrated on the 
flatter surfaces of the plastid and lead to the vacuole but do not point to the 
plastid’s center. We believe that Zirkle has misinterpreted several important 
structures. Further reference to his account of these plastids will be made 
later. 

Weier (1932), in a paper dealing with the possible homology of the 
plastids with the Golgi zone, figured a cell from a maize leaf which un¬ 
questionably came from the pareiyhyma sheath, although Weier does not 
so state. He found that the plastids of this cell contained “cavities” filled 
with starch. He says nothing of the kinds of cholorplasts found in the meso¬ 
phyll and bundle sheath cells. 

STRUCTURE OF THE BUNDLE SHEATH PLASTID 

A brief survey of the voluminous but controversial literature on plastid 
structure reveals that their fixation images may differ greatly from their 
appearance in living cells. Since most of our observations were made on 
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fixed material, it is clear that our comments on the structure of the 
parenchyma sheath plastids must remain of a tentative nature until a more 
thorough study has been made. However, some of the grosser features are 
clearly revealed, and it is with these that we shall concern ourselves. 



Fig. 1 . Cross section of a maize leaf showing single layered parenchyma sheath en¬ 
closing vascular bundle containing flattened ellipsoidal starch-containing plastids. Most of 
the plastids in the sheath cells are so oriented that a cross section of the leaf presents 
them in side view, but a few are shown in face view. The sheath cells contained many 
more plastids than are included in the drawing; in some cells they were tightly packed 
like a stack of coins. In side views of the plastids the starch grains appear as small 
ellipsoidal bodies, while in face views they have a spherical shape. 

Kiesselbach (1916) found a marked difference in appearance between 
fixed and living bundle sheath plastids of corn. He believed that the fixing 
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fluid caused the plastids to assume an unusual crescent-like orientation in 
the cell. Our own observations, however, indicate that except for changes in 
position due to alterations in the size and shape of the plastids, it is doubtful 
if any movement of these plastids occurs upon their being fixed. When free¬ 
hand sections of fresh leaves were mounted in water, the plastids absorbed 
water and became distended. Fixation images of these plastids were very 
similar when fixed in Regaud’s, Champy’s, or Craf; their fixed appearance 
resembled that of living material mounted in paraffine oil. 

In fixed material stained with haematoxylin the plastid of the bundle 
sheath appears as a flattened ellipsoid with a deeper-staining rim or shell 
partially enclosing a lighter-staining central core (figs. 1, 3, 6, 8). When 
viewed from different positions, these plastids present varjdng shapes owing 
to their asymmetrical form. Bundle sheath plastids, especially those which 
lack starch grains, in face views have a striking resemblance to the 
dictyosomes of the Golgi apparatus. The peripheral, more deeplj f staining 
rim is seen to contain in starch-free plastids numerous small colorless areas 
which appear like vacuoles. It is in these vacuolar-like regions of the 
plastid that starch is later deposited. The 44 vacuoles’’ and the starch grains 
have the same shape and approximate size. When starch is present, the 
grains are found embedded in but protruding from the surface of the 
plastid. The central region of the plastid contains neither starch vacuoles 
nor starch grains. The number of starch-forming “vacuoles” in a starch-free 
plastid may be equal to the number of starch grains subsequently formed 
by that plastid. It is possible, however, that as soon as one of these 
“vacuoles” has formed one mature starch grain, it begins the elaboration 
of,a second, and so forth, so that the number of starch grains formed may be 
greater than the number of starch-forming regions. A decisive answer to this 
problem could be had either by an*accurate determination of the number of 
“vacuoles” in a living plastid and the number of starch grains found later 
or by a statistical study of fixed material. In a single plastid the starch 
grains, which are arranged in several layers when viewed on edge, range in 
number from fewer than 20 to more than 40. The individual starch grains are 
easily detached from the surface of the plastid and may be found floating 
free in the mounting fluid. These detached grains are especially noticeable 
in iodine-stained preparations, where they appear as blue-colored ellipsoidal 
bodies. Although a plastid contains a number of starch grains, each grain is 
simple rather than compound. Figure 2 is an optical section of a young 
plastid containing 20 individual starch grains. Ten of the grains lie in one 
focal plane, the remainder lying above and below. These definite regions, 
the vacuoles, of the parenchyma sheath plastid which are concerned with 
starch formation are similar in function, though not in structure, to the 
pyrenoids of algal and moss plastids. 
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A comparable situation has been reported by Zirkle (1926) for the 
ordinary (mesophyll) plastid of Elodea canadensis which has a central 
vacuole containing a single starch grain. This vacuole is visible when no 
starch is present. 

The parenchyma sheath cells enclosing young vascular bundles of maize 
have smaller plastids than do older cells; they not only have fewer starch 
grains but are less flattened than plastids of mature bundles. 

The above description of the parenchyma sheath plastid differs in several 
fundamental respects from Zirkle’s (1929) account. What he believes to be 
pores of the plastid leading to the centrally located vacuole are actually 
starch grains, which do not stain with haematoxylin and appear colorless 



Fig. 2. Median optical section of a small parenchyma sheath plastid in side view show¬ 
ing arrangement of starch grains. These starch grains are embedded in the plastid but are 
separated from each other by thin layers of plastid substance. This plastid contains 20 
starch grains. Ten are in one focal plane, the remainder lying above and below. The 
central region of the plastid is not visible when viewed from this position. This plastid 
is a much less flattened ellipsoid than those shown in figure 1. 


(see Zirkle’s figure 1). He believes that each plastid contains a single cen¬ 
trally located starch grain; but we have shown that these plastids have as 
high as 40 starch grains. Zirkle reported that the mesophyll plastids con¬ 
tained starch in their central vacuoles when conditions were especially fav¬ 
orable for photosynthesis. In our experiments with field-grown maize we 
found no trace of starch in these plastids either with the iodine test or with 
polarized light. This was true even though abundant starch was present in 
the bundle sheath plastids. We conclude that starch synthesis normally does 
not occur in the mesophyll plastids; they are devoted to the elaboration of 
soluble carbohydrates. That the differences in structure and function be¬ 
tween the mesophyll and sheath plastids may be only a reflection of local 
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physiological conditions, especially the concentration of soluble sugars, and 
are not due to inherent differences is indicated by the observation of the 
remarkable transformation of the mesophyll plastids into sheath-like plastids 
by greatly increasing the amount of sugar present in the leaf. The cut ends 
of young maize leaves were immersed in a strong sucrose solution (27 grams 
of sucrose in 100 cc. of water). After 30 hours in the sugar solution the 
mesophyll plastids in the portion of the leaf just above the level of the solu¬ 
tion each contained a number of simple starch grains. Seventy-eight hours 
after being placed in the sugar solution the change of the mesophyll plastids 
into sheath-like plastids was virtually complete. Except that the smaller 
mesophyll plastids contained fewer but larger starch grains they closely 
resembled the sheath plastids. In normally growing leaves the sugars manu¬ 
factured in the mesophyll cells are moved into the bundle sheath cells. Pre¬ 
sumably the sugar concentration of the mesophyll cells remains at a rela¬ 
tively low level while that of the bundle sheath becomes increasingly greater. 
Under such conditions the mesophyll plastids are concerned only with photo- 
svnthetic activity while the bundle sheath plastids elaborate, and tempo¬ 
rarily store, starch. However if the sugar concentration of the mesophyll 
cells becomes unusually high it might be expected, on the basis of the above 
experiment, that the mesophyll plastids would contain starch. 

It has long been known that the plastids of the bundle sheath cells of 
the corn leaf are green, although of a lighter color than the plastids of the 
mesophyll. If the green pigment is chlorophyll, these plastids may be capable 
of photosynthesis. The starch deposited within them might be derived from 
sugars synthesized there and not from soluble carbohydrates moved in 
from the surrounding mesophyll cells. The heavy deposit of starch found in 
these plastids would seem to be greater than could be accounted for by 
their photosynthetic activity, but actually nothing is known of their ability 
in this respect. Fortunately we were able to show unequivocally that the 
starch found in these plastids was derived from soluble carbohydrates made 
in the mesophyll plastids and translocated to the parenchyma sheath cells 
where the starch synthesis occurred. Certain of the maize leaves collected 
for study were green-and-white-striped. The plastids in the white regions 
were quite distinct from the normal plastids in the green area of the leaf 
(Rhoades 1943). At the transition zone between the green and white regions 
of one leaf a vascular bundle was found enclosed by parenchyma sheath 
cells with normal plastids. Adjacent to the sheath cells on one side of the 
bundle were mesophyll cells with normal green plastids, while next to the 
remaining sheath, cells were mesophyll cells with abnormal plastids which 
lack chlorophyll and are .incapable of photosynthesis. The plastids of the 
sheath cells touching green mesophyll cells were filled with starch grains, 
while the normal plastids of bundle sheath cells adjacent to colorless meso- 



1944] 


RHOADES AND CARVALHO: PLASTIDS 


341 


phyll cells contained no detectable starch. Not answered by this experiment 
is the question whether or not any photosynthesis takes place in the green 
bundle sheath plastids. A certain amount of sugar could be manufactured, 
but if the concentration were low, it could be immediately moved into the 
vascular bundle. 

It has been tacitly assumed that the pale green color of the bundle 
sheath plastids is that of chlorophyll. Zirkle (1926) noted the lighter color 
of the sheath plastids of Elodea and suggested that they contained as much 
chlorophyll as the smaller mesophyll plastids but that it was stretched 
into a thinner layer in the larger sheath plastids. The question might be 
left open as to whether or not the green pigment in the bundle sheath plastids 
is the same kind of chlorophyll as in the mesophyll plastids. It has been 
shown that there is wide variation in the chlorophyll pigments throughout 
the plant kingdom. For example, Spoehr et al. (1942) have shown that 
certain algae lack chlorophyll b w T hile containing chlorofucine. The pos¬ 
sibility should not be summarily dismissed that even within an individual 
plant there may be variation in the kind of chlorophyll or in the ratio of 
chlorophyll a to chlorophyll b in different cells. Sayre (1926) found that the 
guard cells of Rumejr pat lent ia contained a green pigment w r hich he believed 
on the basis of microchemical tests was not true chlorophyll. Since the 
bundle sheath plastid of the corn leaf differs from the mesophyll plastid in 
function and structure, the nature of their green pigments might not be 
identical. 

DIURNAL CYCLE OF STARCH FORMATION BY BUNDLE 
SHEATH PLASTIDS 

We have presented evidence that the starch deposited in the bundle 
sheath plastids comes from soluble carbohydrates made in the mesophyll cells 
and moved into the sheath cells wdiere the transformation to starch occurred. 
In this section experiments are discussed w T hich indicate that the trans¬ 
formation of soluble carbohydrates to starch occurs in the bundle sheath 
plastids only when the rate of movement of sugar into these sheath cells 
from the mesophyll cells is greater than the rate of translocation from the 
bundle sheath cells into the vascular bundles. Further, w r e shall show that the 
starch w r hieh increasingly accumulates throughout the day in these plastids 
is transformed back to soluble carbohydrates during the night, when no 
photosynthetic activity takes place, so that by morning the bundle sheath 
plastids are devoid of starch. 

Leaf samples were taken approximately 6 inches from the tip of mature 
leaves from each of three plants at two-hour intervals beginning at 6: 30 
a.m. Eastern War Time on July 27, 1943, and ending at 12: 30 a.m. on July 
28. At 6:30 a.m. on July 28 another collection w r as taken from each of the 
three plants. Each sample consisted of a piece of leaf blade 2 cm. long and 
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1.5 cm. wide. Two samples only were taken from a single leaf; they came 
from opposite sides of the midrib and in all cases were collected at successive 
time intervals. Samples were taken only from the upper leaves of the main 
stalk or of the several tillers, where leaves were well exposed to the rays of 
the sun. Conditions were presumably excellent for photosynthesis, since the 
day was warm and there was an adequate supply of moisture in the soil. 
The leaf samples were fixed in Craf fluid. Some slides were stained with 
haematoxylin and some with a weak I-KI solution. Preliminary tests had 
shown that the bundle sheath plastids seemed devoid of starch when leaf 
samples were taken in the morning, while abundant starch was found later 
in the day. The leaf samples collected at 6:30 a.m., July 27, had bundle 
sheath plastids with no or little starch. In only an occasional sheath cell 
could starch be detected by I-KI. The 8:30 a.m. samples were completely 
devoid of starch; all starch present in these plastids had been hydrolyzed 
and translocated. Starch grains were found in the 10:30 a.m. samples but 
in a relatively slight amount as indicated by the intensity of their blue 
color with I-KI. The 12: 30 p.m. samples had a markedly greater amount of 
starch. Plump starch grains protruded from the surface of the sheath plastids 
and gave an intense color with I-KI. All three of the 2: 30 p.m. samples gave 
a weaker color with I-KI, indicating that less starch was present than at 
12: 30 p.m. This finding is important in view of the fact that the morning of 
July 27 was clear and bright. Beginning approximately at 1:00 p.m. and 
lasting until about 3: 00 p.m., the sky became heavily overcast and the light 
intensity was greatly reduced. Presumably less photosynthetic activity 
occurred in the mesophyll cells during the overcast period; less sugar was 
passed into the bundle sheath cells than was moved into the vascular tissues, 


Explanation of figures S-8 

Fig. 3. Cross section of maize leaf collected at 4: 30 p.m., showing plastids of 
parenchyma sheath cells filled with starch grains. Fixed in Craf fluid; stained with 
haematoxylin. x 480. Fig. 4. Longitudinal section of maize leaf stained with weak 1-KI. 
Starch grains in parenchyma sheath plastids deeply stained. Mesophyll plastids (above 
and below parenchyma sheath) give no Indication of starch. Note starch in guard cells 
at lower right (slightly out of focus), x 480. Fig. 5. Longitudinal section of maize leaf 
stained with I-KI followed by partial removal of iodine with higher alcohols. The starch 
grains are clearly visible in the somewhat swollen plastids. x 480. Fig. G. Longitudinal 
section of maize leaf collected at 6: 30 a.m. Fixed with Craf fluid and stained with 
haomatoxylin. Parenchyma sheath plastids are devoid of starch. Mesophyll cells lie to 
right. The deeper-staining rim or shell which partially encloses the lighter-staining central 
core is clearly visible in certain of the plastids. The vacuole-like regions of the deeper- 
staining rim where starch grains will be formed can be seen as light-staining regions. 
X480. Fro. 7. Cross section of barley leaf showing parenchyma sheath cells with small 
plastids concentrated to one side of cell. These plastids take a deeper stain with haema¬ 
toxylin than do the larger plastids of the mesophyll cells, x 300. Fig. 8. Longitudinal sec¬ 
tion of maize leaf collected at 6: 30 a.m. Stained with haematoxylin. When seen in face 
view the sheath plastids resemble the dictyosomes of the Golgi apparatus. Note vacuole¬ 
like regions in deeper-stainiflg rim of plastid. x 480. 
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so part of the starch accumulated by the sheath plastids in the late morning 
hours was hydrolyzed to soluble sugars and translocated. The skies cleared 
about 3: 00 p.m. and the rest of the day was sunny and bright. The 4:30 p.m. 
samples contained a great quantity of starch, as did the 6:30, 8:30, and 
10: 30 p.m. samples. It is our impression that the greatest quantity of starch 
was present in the 6: 30 and 8: 30 p.m. samples, but no quantitative deter¬ 
minations were made. 

The sun set at 8:18 p.m. on July 27. There was still a considerable amount 
of starch in the bundle sheath plastids of the samples collected at 12: 30 the 
following morning but less than at 10: 30 the night before. It was possible to 
find a few plastids with a faint blue color in the 6: 30 a.m., July 28, samples, 
but the majority of the bundle sheath plastids gave no indication of starch 
with I-KI. All or nearly all of the starch formed in these plastids in the 
daylight hours of July 27 had been transformed back to sugar during the 
night. 

The sun rose at 5: 46 a.m. on July 27. It was a warm and sunii3 r morning. 
A minor but detectable quantity of starch could be found in a few of the 
bundle sheath plastids of the 6: 30 a.m. samples, while no starch was present 
in the 8:30 a.m. samples. This suggests that hydrolysis of the stored starch 
had not been quite completed by 6: 30 a.m. but was finished by 8: 30 a.m. 
It is not unreasonable to assume that some photosynthetic activity had oc¬ 
curred prior to 8:30 a.m. Presumably the photosvnthetic rate at this time 
was so low that the rate w r ith which sugar moved into the sheath cells was 
less than the rate of its passing from the sheath cells into the vascular ele¬ 
ments; consequently no starch was deposited and the hydrolysis and 
translocation of the starch formed the previous day was completed. In the 
lafc$r hours of the day more sugar is manufactured than can be translocated 
by the vascular bundles, and this excess of sugar is temporarily stored as 
starch in the bundle sheath plastids. Later, when the cessation or slowing 
of photosynthesis occurs, this starch is hydrolyzed and translocated into 
the bundles. This interpretation is consistent with all observed facts and 
offers a logical explanation for the presence of the specialized plastids of 
the bundle sheath. 


OBSERVATIONS ON OTHER GRASSES 

Maize belongs to the subfamily Panicoideae wdiich includes the Andropo- 
goneae, the Maydeae, and the Paniceae. Schwendener (1890) found that the 
majority of the Panicoideae have a parenchyma sheath but no mestome 
sheath enclosing the vascular bundles. Sorghum is a member of the Andropo- 
goneae. A study of leaf sections disclosed a situation similar to that in maize. 
The parenchyma sheath cells have unusually large, pale-green chloroplasts 
containing many starch^grains. The occurrence of a diurnal cycle of starch 
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deposition and removal probably exists in these plastids as in maize, but this 
was not established. 

The common cereals—oats, wheat, and barley—belong to the subfamily 
Pooideae. A cursory examination was made of their leaf histology. Our 
studies were made only on fixed sections of young leaves collected in the 
afternoon. Possibly different conditions would be found in older leaves, since 
Percival (1921) states that the outer sheath of older leaves of wheat contains 
few or no plastids. In these cereals each leaf bundle is surrounded by an 
inner and outer layer of cells. The parenchyma sheath cells have numerous 
plastids which, however, are smaller than the plastids of the mesophyll. 
The mestome sheath has no plastids. Only small amounts of starch, appar¬ 
ently lying in a central region of the plastid, were found in the parenchyma 
sheath plastids and also in the mesophyll plastids. The parenchyma and 
mesophyll plastids of wheat, oats, and barley had so little starch that their 
leaves gave only a perceptible color with I-KI. On the other hand, the great 
amount of starch found in the parenchyma sheath plastids of corn and 
sorghum gives their leaves an intense black color with I-KI. The parenchyma 
sheath plastids were found concentrated at the side of the cell bordering 
the mesophyll. The above observations hold for all three genera, but slight 
differences were noted. The greatest size difference between the sheath 
plastids and the mesophyll plastids was found in the barley leaf, although a 
difference in size exists in both wheat and oats (fig. 7). In structure and 
function, the parenchyma sheath plastids of wheat, oats, and barley, all 
members of the Pooideae, are obviously different from the bundle sheath 
plastids of maize and sorghum which belong to the Panicoideae. It will be 
of interest to ascertain to what extent the members of the two subfamilies 
of grasses differ in this respect. 


summary 

The parenchyma sheath cells enclosing the vascular bundles of the corn 
leaf contain specialized plastids, green in color, concerned with the elabora¬ 
tion of starch. The starch grains are formed in definite vacuole-like regions 
in the plastid. A plastid may have as many as 40 starch grains. Starch is de¬ 
posited in these plastids only when the rate of movement of sugar from 
the mesophyll cells into the bundle sheath cells is greater than the rate 
with which sugar passes from the sheath cells into the vascular elements. 
The bundle sheath plastids deposit starch increasingly during the day. At 
night this starch is hydrolyzed to soluble carbohydrates and translocated 
so that the plastids are free of starch by morning. No starch was found 
in the mesophyll plastids at any time during the day or night. The bundle 
sheath plastids of sorghum are similar in function to those of maize; this 
specialization of the bundle sheath plastids may be typical of the subfamily 
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Panicoideae. The parenchyma sheath plastids of wheat, oats, and barley, all 
members of the subfamily Pooideae, are different in size and function from 
those of maize and sorghum. 

Department of Botany, Columbia University 
New York 
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THE INHERITANCE OF CERTAIN CHARACTERS IN A CROSS 
OF TWO AMERICAN SPECIES OF LACTUCA 

Thomas W. Whitaker 

INTRODUCTION 

Two American species of Lactuca, L. canadensis L. and L. graminifolia 
Michx., are endemic in the eastern portions of the United States and Canada. 
In general L. canadensis ranges from Nova Scotia westward to Saskatchewan 
and as far south as Georgia, Alabama, Louisiana, and Arkansas and occurs 
in dry or moist open ground. Lactuca graminifolia is found farther south 
than L. canadensis. Its range extends from South Carolina to Florida and 
west as far as Texas. It usually occurs in rich soil in fields or woods. 

Lactuca canadensis and L. graminifolia have seventeen pairs of chromo¬ 
somes (Babcock et al. 1937). There is good evidence that the American 
species of Lactuca (with one exception) are amphidiploids, although the 
exact steps in their origin remain obscure. They are assumed to have origi¬ 
nated by hybridization of Old World species of Lactuca with eight and nine 
chromosomes followed by amphidiploidy. 

The present study was initiated with the primary purpose of investi¬ 
gating all available species of Lactuca as possible sources of desirable genes 
for introduction into cultivated lettuce, L. sativa. The data reported in the 
present paper have been incidental to our main project, but it is felt that 
these observations may contribute to a better understanding of the char¬ 
acters which differentiate certain species in nature. In analyzing the rela¬ 
tions between these two species (L. canadensis and L. graminifolia) it may 
be possible to throw some light on the hypothesized origin of the American 
species of Lactuca. 

The relationships between these two species are unique, and differ in 
detail from other reported cases of this kind (see Goodwin 1938; Winge 
1938). First, they are quite distinct entities morphologically, and would be 
considered “good species ,, by even the most conservative taxonomist. Sec¬ 
ond, in reciprocal crosses the F t and succeeding generations are extremely 
fertile. Third, the species under consideration are not ordinary diploids or 
tetraploids, but euploids of some sort, most probably amphidiploids. Fourth, 
both species are predominantly self-pollinated and are self-fertile. 

As mentioned above, both Lactuca graminifolia and L. canadensis have 
seventeen pairs of chromosomes. Usually there is little or no multivalent 
formation, the entire complement being composed of bivalents at first meta¬ 
phase. In the F 2 hybrid there is regular pairing of the chromosomes of the 
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two parental species. An examination of several F 2 plants indicates that 
meiosis follows a normal course in all of those examined. 

DESCRIPTION OF MATERIALS 

In 1933 the late J. B. Norton observed in the vicinity of Hartsville, 
South Carolina, plants which seemed to be intermediate between Lactuca 
canadensis and L. graminifolia . These plants were found in locations where 
the two species were growing together, and were evidently segregates, pro¬ 
duced as a result of natural crossing between them. 

Norton collected seed of both species, and of the intermediate plants. 
Starting with seed from this source, the present study has extended over a 
period of several years. We were able to produce, without difficulty, Fi 
hybrids between the two species. The F x and plants from subsequent genera¬ 
tions proved to be fully as fertile as the parental species. Under our condi¬ 
tions both species have been very uniform. The two species and the F a are 
described below (see figures 1, 2). 

Description of Lactuca canadensis L. Stems stout, erect, 2-3 m. high, 
leafy, glabrous, paniculate above; basal leaves sparingly hirsute with scat¬ 
tered long and short hairs on upper surface, and long hairs on midrib both 
above and below; cauline leaves largely glabrous with few long hairs on 
midribs; basal leaves spatulate, dentate to pinnatifid; cauline leaves sinuate 
pinnatifid; involucres 10-12 mm. long; bracts linear-lanceolate to lanceolate; 
pollen grains yellow; ligules orange yellow; achenes flat, oval, black, narrow- 
margined, with single prominent rib in the middle of each face, 3-4 mm. 
long, contracted into slender beaks 1-2 mm. long; biennial, seed planted 
in the spring makes only rosette of leaves until the following spring when 
seed stalk develops. 

> 

Description of Lactuca graminifolia Michx. Stems slender, 0.5-1.0 m. 
hi^|glabrous, paniculfite above; leaves linear, basal mostly pinnatifid, with 
a few narrow spreading or deflexed lobes, others entire; involucres 18-20 
mm. long; bracts linear-lanceolate to lanceolate; pollen grains grey; ligules 
purple-blue, achenes flat, oblong-elliptical, dark purple-brown, narrow- 
margined, with single prominent rib in the middle of each face, 5-6 mm. 
long, contracted into slender beaks 3-4 mm. long; in South Carolina, accord¬ 
ing to Norton, normally a winter annual blooming early in the spring from 
autumn sown seed; in coastal Southern California it grows well as either a 
winter or a summer annual. 

[Reciprocal cross pollinations between Lactuca canadensis and L. gramini¬ 
folia during three seasons have invariably produced an abundance of viable 


Explanation of figures 1-3 

Fig. 1. Left to right: F,, Ldctuca canadensis , L. graminifolia . Fig. 2. F 2 segregates 
from the cross Lactuca canadensis x L. graminifolia. Fig. 3. F 2 individuals showing segre¬ 
gation for growth habit. Annuals for the most part in flower. Low plants in foreground 
are biennials; no indication of seed stalk formation. 
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crossed seed. Bach species appears to produce seed fully as abundantly when 
pollinated by the other species as when self-pollinated. 

Description of Fi (Lactuca canadensis x graminifolia). The F x plants 
are approximately intermediate (fig.l) between the two species in most 
respects, including height, size and shape of rosette leaves, color and shape 
of ligules, color and size of achenes. In our work the annual habit proved 
to be dominant over biennial habit; grey color of pollen grains dominant 
over yellow color. Lobing of the cauline leaves was dominant over entire 
leaves, although they were not nearly as pinnatifid as L. canadensis (fig. 4). 
Table 1 lists the prominent contrasting characters of the two species, and 
indicates the appearance of these characters in the F x . 

TABLE 1. Table of prominent contrasting characters . 


L. canadensis L. graminifolia F, 

Growth habit . biennial annual annual 

Ligules. orange yellow purple blue purple 

Pollen . orange grey grey 

Involucral bracts 

(length) . 13-14 mm. 19-20 mm. 18-19 mm. 

Cauline leaves. lobed, pinnatifid entire, lanceolate lobed 

Height . 2-3 m. 0.5-1.0 m. 1.2-2.5 m. 


EXPERIMENTAL RESULTS 

A. Inheritance of Pollen Grain Color. As noted above, Lactuca cana¬ 
densis produces pollen grains with a deep orange color; L. graminifolia has 
grey pollen grains. The F x plants have grey pollen grains, indicating that 
the gene for grey color of pollen grains is dominant over that for orange 
color. This gene segregates very sharply in the F 2 with no suggestion of 
intermediate colors. In this case pollen color acts as an ordinary sporophytic 
character, since there is no segregation for color in the F^ plants. It seems 
likely that the substances responsible for color are produced by the 
sporophyte. 

From F x plants grown in 1937 three F z families were obtained. A total 
of 635 individuallMvere scored for pollen color in the F 2 ; the results arc 
recorded in tabl#%. Of ten F 3 families, four were segregated and six 
appeared to be homozygous (table 3). It is clearly evident from the data 
of tables 2 and 3 that a single gene is responsible for pollen grain color. 

B. Inheritance of Plant Growth Habit. The inheritance of growth 
habit has been investigated in several species of plants belonging to widely 
separated families. With one exception the annual habit has been shown to 
be dominant over the biennial habit (Clarke 1935; Abegg 1936), and in all 
cases it was governed by a single gene difference. Melchers (1937) reports 
that growth habit in Hyoscyamus niger is controlled by a single gene; in 
this species the annual habit is recessive to the biennial. 

As noted in a previous report (Thompson et al. 1941), the annual habit 
is dominant over the biennial in several interspecific crosses of Lactuca. A 
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TABLE 2. Segregation for pollen color in F a families . 


Family 

No. 

No. of 
plants 

Pollen color 

x 2 

Orange 

Grey 

Expected 

orange 

Expected 

grey 

13454 . 

554 

137 

417 

• 138.5 

415.5 

0.04 

33111-1 . . 

38 

9 

29 

9.5 

28.5 

0.017 

33112-1 . 

43 

16 

27 

10.7 

32.1 

3.42 

Total . 

635 

162 

473 

; i 

(df = 3, 

1 

n 

o 

4* 

3.477 


limited number of observations have been made on the inheritance of annual 
vs. perennial growth habit. In nature Lactuca graminifolia is an annual 
and L. canadensis is biennial. To determine the quantitative expression of 
this character, seed of the parental species, the F^ and one family of F 2 

TABLE 3. Segregation for pollen color in F s families. 


Family No. 

Phenotype of 

F, parent 

i 

No. of 
plants 

Pollen color 

X 2 

Orange 

Grey 

30001 

grey 

10 


10 


30003 

orange 

19 

19 



30004 ... 

grey 

17 


17 


30005 

grey 

5 

1 

4 

0.06 

30008 

grey 

24 j 

5 

19 

0.22 

30009 

orange 

15 1 

15 



30010 

orange 

10 i 

10 



30011 

grey 

72 | 

24 

48 

1.18 

30012 

grey 

70 | 

47 

23 

2.30 

30013 

orange 

3 1 

i 

3 




plants were planted during the early part of August. After four weeks in 
the seed bed the plants were transplanted to the field and were scored for 
growth habit from October through November. At this time (11/10/39) 
our records show that all plants of L. graminifolia and the F a hybrids were 
in full flower. Plants of L. canadensis did not produce seed stalks until the 

TABLE 4. Segregation of annual vs. biennial habit of growth in F» and F a families. 


Family No. 

Phenotype 
of parent 

Total No. 
of plants 

i 

Annual 

Biennial 

X 2 

13454 

(F 2 ) 

annual 

334 ; 

257 

* i 

0.67 

33111-1-16 

(F») 

< i 

7 

6 

1 


33111-1-18 

(F.) 

< i 

16 

12 

4 


30004 

(F.) 

biennial 

23 

0 

23 


30005 

(F.) 

annual 

30 

4 

j 6 


33111-1-33 

(F.) 

< < 

io ; 

10 



30008 

(F.) 

11 

17 j 

10 

j 7 


33112-1-33 

<F.) 

biennial 

10 i 

[ 

0 

! 10 
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following March. Table 4 shows the segregation in the F 2 family and a few 
of the F 3 observations (fig. 3). These rather meager observations, while* 
not conclusive, seem to indicate that growth habit is probably dependent 
upon a single gene difference. 

C. Inheritance of Leaf Lobing. The basal or rosette leaves of Lactuca 
graminifolia are linear and pihnatifid, usually with several narrow lobes 
either spreading or deflexed; in contrast the eaulirie leaves are linear- 
lanceolate and entire. On L. canadensis the rosette and flcwer-stalk leaves 
are of the same general character, spatulate and dentate to sinuate pin- 
natifid. In the F ly leaf shape is approximately intermediate between the two 
parental species, but both rosette and cauline leaves are distinctly pinnatifid 
(fig. 4). In the F 2 , most plants have rosette leaves which are more or less 
pinnatifid. In some cases only one leaf of the rosette will be lobed. With 
regard to the cauline leaves there is segregation into two types, lobed or 


TABLE 5. Segregation for lobing in F u . 


Family No. 

Phenotype ! 
of parent 

Total No. 
of plants 

Lobed 

Entire 

X 2 

13454 . 

lobed 

i 

746 

582 

164 

3.62 


pinnatifid and entire (fig. 5). Records from one F 2 family of 746 individuals 
are summarized in table 5. Of ten F* families, four appeared to be homo¬ 
zygous and six were segregating. However, the number of plants scored 
from each family was not sufficient to make this determination accurate, but 
there is strong evidence from the one F 2 family of 746 individuals that the 
basic leaf pattern is controlled by a single gene. 

Although the basic pattern of the leaf (lobed vs. entire) seems to be 
governed by a single gene, there is apparently a group of modifiers at work 
which are responsible for the number and shape of the lobes. No attempt 
has been made to analyze these factors. 

‘ DISCUSSION 

The characters selected for study all are apparently simple Mendelian 
gene differences. However, there are a number of other segregating char- 


Explanation of figures 4-6 

Fig. 4. Cauline leaves—two leaves from each plant, dorsal and surface view; left to 
right: Lactuca graminifolia , entire; Fi (L. graminifolia x L. canadensis ), lobed; L. 
canadensis, lobed. Fig. 5. Cauline leaves—entire leaves from three F 2 segregates -(dorsal 
and surface view of leaves from each plant). Fig. 6. Cauline leaves—lobed leaves from 
three F fl segregates (dorsal and surface view of leaves from each plant). Note the varia¬ 
tion in the pattern of lobing, from the minimum condition on the left to the highly pin¬ 
natifid condition of the center leaves. 















354 


BULLETIN OF THE TORREY CLUB 


[Vol. 71 


acters which appear to have a more complex basis. With respect to ligule 
color, F 2 individuals range from those with a light orange color quite similar 
to Lactuca canadensis to individuals almost lacking in color or with only a 
faint tinge of purple. 

If these two species are amphidiploids, the fact that bivalents are formed 
regularly at first meiotic metaphase indicates that they were derived from 
hybridization between rather distantly related species (Poole 1932; Huxley 
1943). On this basis segregation for at least some of the character differences 
between the two amphidiploids should follow along simple lines, and this 
has been supported by actual observations. This evidence when combined 
with the work of Thompson (1942), who has actually synthesized an amphi- 
diploid Lactuca by crossing a seventeen-chromosome species with a nine- 
chromosome one, lends indirect support to the original postulate of Babcock, 
Stebbins and Jenkins (1937) that the seventeen-chromosome species of 
Lactuca are amphidiploids obtained from a cross (or several crosses) be¬ 
tween a nine-chromosome and an eight-chromosome species followed by 
doubling. 

From the evidence produced in this investigation it is clear that the 
conspicuous differences between these two species are for the most part 
simple gene differences, probably on the same level as those which distin¬ 
guish many varieties of cultivated plants. It is also probable that these two 
species are very closely related, having diverged from a common amphi- 
diploid ancestor. The fact that the species are able to maintain themselves 
as distinct entities in nature is certainly not related to the lack of fertility 
of the hybrids, since all of the individuals resulting from the cross are fully 
as fertile as either species. It seems more likely that lack of success of the 
hybrids in nature can be attributed to their inability to encounter an eco¬ 
logical niche to which they are well adapted. One further fact seems im¬ 
portant in this connection. I am told by Dr. R. C. Thompson that in nature 
L. graminifolia flowers well in advance of L. canadensis, and ordinarily has 
completed the flowering cycle before the flowers of L. canadensis begin to 
open. This differential timing of the reproductive cycle probably accounts 
for the fact that there is very little hybridization of these two species even 
though there is a decided overlapping of their respective ranges. 

summary 

1. Two species of Lactuca, L. graminifolia and L . canadensis, have been 
successfully hybridized. The Fi progeny and plants of subsequent genera¬ 
tions are as fertile as either parent. 

2. A genetic analysis of three marked differences between these two 
species has shown that pollen color (grey vs. orange), leaf lobing (lobed vs. 
entire), and growth habit (annual vs. biennial) are each dependent upon 
single : gene differences. 
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3. The evidence accumulated in this work seems to indicate that the dif¬ 
ferences between these two very distinct species are for the most part 
dependent upon simple gene differences. 

4. The relation of the observations reported in this paper to the theory 
of the amphidiploid origin of the seventeen-chromosome Lactucas is 
discussed. 

U. S. Horticultural Field Station 
La Jolla, California 
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CYTOGENETIC STUDIES OF HYBRIDS WITH 
“MAKHA” WHEAT 

T. C. Chin and C. 8. Chwang 1 

INTRODUCTION 

On the basis of their chromosome numbers, the wheats fall into three 
groups: the so-called diploid wheats with n = 7, the tetraploids with n = 14, 
and the hexaploids with n = 21. These groups are taxonomieally, as well as 
cvtologically, distinct. Within each group the various species, with the no¬ 
table exception of Triticum timopheevi of the tetraploid group, have homolo¬ 
gous chromosomes which pair normally in hybrids. Crosses between groups 
show that the 21 different chromosomes of the hexaploids are composed of 
three sets (genoms) of seven, which are commonly designated A, B, and C, 
respectively, while the chromosomes of the tetraploids consist of sets A and 
B, and those of the diploids of set A. Triticum timopheevi is designated 
AAGG by Lilienfeld and Kihara (1934) and Kihara (1937), and AA£3 
by Kostoff (1936). 

Although the designation of the various sets of chromosomes by letter 
is a convenient shorthand device, it does not give an entirely accurate pic¬ 
ture, particularly as regards the A set. As Kihara (1937) has pointed out, 
the A genom of the diploid wheats is not truly homologous with the A of the 
tetraploids, although the two sets are capable of forming up to seven pairs 
in hybrids. Even in hexaploid x tetraploid hybrids, where the respective A 
and B sets ordinarily show normal pairing, multivalent configurations and 
other irregularities are found when certain varieties are used (Love 1941; 
Chin & Chwang 1942). That there are intergenomic and possibly intra- 
genomic homologies is shown by the fact that one or more pairs may be 
formed in haploids of wheats of the hexaploid and tetraploid groups. This 
conclusion is borne out by the occurrence of trivalents in tetraploid x diploid 
hybrids (Kihara & Nishiyama 1928; Aase 1930) and of various multivalents 
in hexaploid x tetraploid hybrids. These multiple configurations are presum¬ 
ably due to autosyndesis conditioned by structural changes between non- 
homologous chromosomes (Darlington 1937; Love 1941; Chin 1942; Chin 
and Chwang 1942). 

i This paper was transmitted to the editor by Dr. Barbara McClintock, to whom it was 
sent by T. C. Chin. In preparing it for publication, the editor had the generous coopera¬ 
tion of Dr. R. Sears. Because of current conditions, it was necessary to dispense with 
the usual intercourse between authors, reviewer, and editor; the authors could not be con¬ 
sulted about some of the modifications made by Dr. Sears, nor had they an opportunity of 
seeing the paper in proof. To publish the numerous tables recourse was had to the Lucien 
M. Underwood Memorial Fund. 
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Triticum macha Dekapr. & Menab. is a new species of wheat of the hexa- 
ploid or vulgare group found in West Georgia (Dekaprelevitch & Menabde 
1932). Its discoverers regarded it as a possible ancestor of the present-day 
T. spelta , which it resembles in the toughness of its glumes. It is distinct 
from T. spelta , however, in the method of disarticulation of the rachis (Hec¬ 
tor 1936), T. spelta fracturing below the point of attachment of the spikelets 
and T. mocha above. As far as the present authors are aware, cytogenetic 
evidence of its relationship with other wheats is as yet lacking. This paper 
is a preliminary report of a series of cytogenetic investigations of hybrids 
between “Makha” and other wheats, with special emphasis on possible phylo¬ 
genetic relationships. 

MATERIAL AND METHODS 

Triticum macha was obtained from the Kansas State Agricultural Col¬ 
lege, Manhattan, Kansas. It was crossed with the two hexaploid species T. 
vulgare and T. spelta , and with the three tetraploid species T. durum , T. 
turgidum, and T. dicoccoides in the summer of 1941. Both T. vulgare and 
T. spelta were beardless, while T. turgidum, T. durum var. leucurum Korn., 
and T. dicoccoides var. Aaronsohni were all fully bearded. T. macha has 
short awns. Spikes and spikelets of most of the species used are shown in 
figures 1 and 3. 

The cvtological studies were made from aceto-carmine smears prepared 
in the summer of 1942 at Chengtu. The majority of the slides were mounted 
in Zirkle’s fluid, and the rest in Canada balsam. The drawings were made 
with the aid of a camera lucida. 

GENETICAL OBSERVATIONS 

Hexaploid Hybrids. 1. T. vulgare x T. macha. Only two hybrid plants 
were obtained—one from each of the two vulgare varieties used. Both plants 
showed signs of chlorophyll deficiency and were very weak and completely 
sterile. No pollen mother cells could be found. The spikes (fig. 2, no. 2; fig. 3, 
no. 7) were beardless, as in the vulgare parents, whereas the rachis was 
fragile, as in T. macha. Thus fragility of rachis and beardlessness were 
apparently completely dominant. 

2. T. spelta x T. macha. The Fi plants of this cross (fig. 2, no. 1; fig. 3, 
no. 6) were also very weak and showed signs of chlorophyll deficiency, but 
they reached maturity. The amount of sterility was 63.5 per cent. The seed¬ 
lings were prostrate, as were those of both parents. The spike was of inter¬ 
mediate density and was beardless like T. spelta . The rachis was fragile both 
above and below the spikelets, showing that both types of disarticulation tend 
to be dominant, and suggesting that two independent genes are involved. 
The shoulder of the outer glume was narrow, as in T. macha. 
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Fig. 1. Spikes of (1) T. npelta , (2) T. mocha , (3) T. dicoccoid* (4) T. turgidum , and (5) T. durum, x 0.2. Fig. 2. Spikes of (1) 
T. spataxT. mocha, (2) T. vulgare x T. macho, (3) T. mocha xT . dicoccoide* . (4) T. mocha xT. turgidum, and (5) T. machaxT. 
durum x 0.2. Fig. 3. Spikelets of (1) T. spelta. (2) T. mocha, (3) T. dicoccoides, (4) T. turgidum , (5) T. durum , (6) T. spelta^T. 
macho 3 (7) T. vulgare xT. mocha, (8) 2\ mocha > T . diccoccoides, (9) T. machaxT. turgidulfr, and (10) T. machaxT. durum. x 0.2. 
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Pentaploid Hybrids. All three of these hybrids (fig. 2, nos. 3-5 ; fig. 3, 
nos. 8-10) had awns of intermediate length and spikes much longer than 
those of either parent. The degree of sterility was 37.4 per cent in T . macha x 
T. turgidum, 40.5 per cent in T. macha x T. durum, and nearly 100 per cent 
in T. macha x T. dicoccoddes. Most of the Fi plants of the last combination 
were completely sterile. 


OYTOLOGICAL OBSERVATIONS 

Hexaploid Hybrid. Associations of from one to six chromosomes were 
observed at first meiotic metaphase in T. spcltaxT. macha (table 1). The 


TABLE 1. Combinations of configurations observed in Triiicum speltax T. macha. 


Number of 
microsporooj'tes 

I 


Oonfigu: 

III 

rations 



II 

IV 

V 

VI 

1 

2 

13 


2 


1 

1 

o 

15 


1 


1 

o 

o 

17 




1 

1 

1 

18 



i 


1 

3 

17 



l 


1 

5 

10 



l 


1 

2 

16 

1 


l 


1 


15 


3 



3 


37 


2 



i 

o 

16 


.» 



*> 

T 

17 

1 

1 



o 


18 

2 




3 

o 

17 

o 




5 


19 


1 



6 

o 

18 


1 



7 

1 

19 

1 




1 

3 

18 

1 




29 


21 





3 

2 

20 





3 

4 

19 





74 

0.93 

19.08 

0.28 

0.36 

0.05 

0.05 


average number of chromosomes involved in multiple configurations was 
2.90, and the maximum number was 14—in one association of six and two 
associations of four (fig. 8). The maximum number of associations of four 
in the same cell was three. Of 74 cells, 39 (52.7 per cent) had multiple con¬ 
figurations; and 20 of these 39 had more than one multiple configuration. 
Twenty-nine of the 74 cells had 21 bivalents, as in figure 9. 

The pairing intensity in the hybrid, as measured by the number of half 
chiasmata per metaphase chromosome, was somewhat lower than in T. macha 
itself (fig. 4)—2.16 compared with 2.45. Even the bivalents considered by 
themselves had only 2.30 half-chiasmata per chromosome in the hybrid. Table 
2 summarizes the data on the number of chiasmata in the various types of 
configurations. 
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Terminal chiasmata constituted 82.8 per cent of the total in T, spelta x T . 
macha. The number of interstitial chiasmata was more variable from cell to 
cell than was the number of terminal chiasmata. This may be attributed to 
the tendency for terminal affinity to cause the localization of metaphase 
chiasmata in the terminal position (Darlington 1937). Also, a possible source 
of variation in the number of interstitial chiasmata lies in the structural 
changes of certain chromosomes, these changes presumably being capable of 
preventing the terminalization of certain chiasmata. 

TABLE 2. Frequencies of configurations with various numbers of chiasmata . Val¬ 
ues are given in percentages of the total number of chromosomes observed of each hybrid. 


6 x 

5x 



Hybrids 

T. spelta x 

T . macha x 

T. macha x 

T . macha x 



* T. macha 

T. turgidum 

T. durum 

T. dicoccoides 

u 

Qj 

s 

I 

0 

3.5 

21.7 

21.6 

20.8 


1 

9.2 

4.3 

8.0 

4.2 


II 

o 

41.9 

21.4 

30.8 

27.5 


3 

33.2 

40.0 

30.6 

33.8 

C 


4 

0.9 

1.1 

2.9 


a _ 

. 





ss 

.2 g 
2 gi 

Ill 

o 

3.1 

1.7 

3.0 

0.8 


3 

1.9 

4.0 

1.7 

3.1 

bt'U 

IV 

4 

3.2 

2.9 

0.6 

8.3 

. 

§ © 
o 


5 


0.0 



C£ 

0/ 

a 

V 

4 

1.2 





6 

1.4 


0.9 

1.6 


VI 

7 


1.7 




i 

8 

0.5 


. 


No. cells observed 

30 

20 

20 

11 


A correlation of - 0.151 was found between the number of chiasmata per 
cell and the number of univalents. This value is statistically insignificant, 
suggesting that failure of pairing between one homologous pair of chromo¬ 
somes may result in an increase in the number of chiasmata in some other 
pairs (Ribbands 1937). 

The association of six was always in the form of a ring (figs. 8, 10C), 
while the associations of five and of three were always chains. 

Chromosome bridges were observed in 13.8 per cent of the microsporo- 
eytes at first anaphase (table 3). These bridges presumably resulted from 
crossing-over within inverted or duplicated segments, although few were 
accompanied by fragments. The bridges appeared to involve the long arm of 
chromosomes with subterminal centromeres (fig. 16). 
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No basis was found in the cytological data for the high degree of sterility 
(63.5 per cent) of this hybrid. Examination of pollen grains showed only 
17.8 per cent aborted grains. 

Pentaploid Hybrids. The pentaploid hybrids also had associations of 
from one to six chromosomes (table 4; figs. 5-7, 10 A, B). In the average 
number per cell of the various configurations, these hybrids were very sim¬ 
ilar to certain of those reported by Love (1941) between varieties of T. vul - 
gare and varieties of T. dicoccum and T. durum —notably the crosses involv¬ 
ing the durum variety Pentad. For T. vulgare var. McMurachy x T. durum 
var. Pentad, he found almost exactly the same average numbers of the vari¬ 
ous configurations as the combined average for the three hybrids reported 
here. 


TABLE 3. Frequency of bridges at first and second anaphase. 


Hybrid 

Stage of 
meiosis 

No. bridges 
observed 

No. cells 
examined 

Per cent with 
bridges 

T. spelta x T. macha 

Anaphase I 

12 

87 

13.8 


Anaphase IT 

0 

Many 

0.0 

T. macha x T. turgidnm 

Anaphase I 

10 

265 

3.8 


Anaphase II 

26 

178 

14.6 

T. macha x T. durum 

Anaphase I 

4 

240 

1.7 


Anaphase II 

42 

274 

15.4 

T. macha x T. dicoccoides 

Anaphase I 

2 

37 

5.4 


Anaphase II 

2 

10 

20.0 

The fact that several microsporocytes had as few as four 

or five uni- 


valents suggests that there was some pairing among chromosomes of the C 
genoifc of T. macha. 

Apparently the hexaploid hybrid involving T. macha had the capacity 
for forming one more association of four than had the pentaploid hybrids. 
This is indicated by the fact that one association of six and one of four, or 
two associations of four, were the maximum amount of multivalent formation 
in the pentaploids; whereas one association of six and two of four, as well as 
three associations of four, were found in the hexaploids. It is not clear 
whether the additional association of four in the hexaploid was composed 
entirely of chromosomes from the C genom, or whether it was composed 
partly of chromosomes from the C genom and partly of chromosomes from 
the A or B genom. 

As in the hexaploid hybrid, the association of six was always in the form 
of a ring, and the associations of five and three were always chains. 

The number of half-chiasmata per chromosome, when calculated on the 
basis of 14 possible pairs (that is, 28 chromosomes per cell), was 2.41 for 
T. macha xT. turgidum/ 2.29 for T. macha xT. durum , and 2.33 for T . 
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macha x T. dicoccoides. These figures are to be compared with 2.45 for T. 
macha itself and 2.16 for T. spelta x T. macha . It thus appears that the pair¬ 
ing intensity is more nearly normal in the pentaploids than in the hexaploid 
hybrid. In fact, when calculations are made for only the bivalents actually 
present, the values become 2.57, 2.39, and 2.45, respectively, for the three 
pentaploid hybrids—approximately the same as for T. macha itself. As in 

TABLE 4. Combinations of configurations observed in pentaploid hybrids . 


Number of mierosporocytes in Configurations 


T. macha x T. 
turgidum 

T. macha x T. 
durum 

T. macha x T. 
dicoccoides 

I 

IT 

III 

IV 

V 

VI 



1 

5 

10 


1 


1 

1 

1 


7 

11 




1 

1 



9 

10 




1 

1 



7 

10 

1 


1 



i 


9 

8 

2 

1 


. 



1 

7 

10 


2 


. 

o 


1 

9 

9 


2 


. 


i 


4 

12 

1 

1 





1 

6 

11 

1 

1 



1 



5 

12 

o 






1 

5 

13 


1 



4 

l 

2 

7 

12 


1 



o 

l 

2 

9 

11 


1 


... 

1 



11 

10 


1 

. 

.. . 

1 



4 

14 

1 





2 


6 

13 

1 

. .. 

. 


1 

1 


8 

12 

1 





1 


10 

11 

1 


. .. 

. 

4 

7 

1 

7 

14 





1 

4 

1 

9 

13 





20 



7.60 

11.80 

0.25 

0.55 

0.05 

0.10 


20 


7.55 

12.65 

0.35 

0.20 

0.00 

0.05 



11 

7.27 

11.45 

0.09 

1.00 

0.00 

0.09 

Combined total 

: 51 


7.51 

12.06 

0.25 

0.51 

0.02 

0.08 


the hexaploid hybrid, the chiasmata were mostly terminal—77.3 per cent 
terminal in T. macha xT. turgidum , 81.4 per cent in T . macha xT. durum , 
and 81.3 per cent in T. macha xT. dicoccoides. Interstitial chiasmata were 
again more variable in number than were terminal chiasmata. 

In the pentaploids the number of univalents was negatively correlated 
with the number of chiasmata, values of -0.674 and -0.629 being obtained 
for T. macha > T. turgidum and T. macha xT. durum , respectively. These 
values are beyond the one per cent point of significance. 

In the frequency of anaphase bridges the pentaploid hybrids differed 
strikingly from the hexaploids, in that bridges were much more frequent at 
second than at first anaphase (table 3). The three pentaploids averaged about 
five times as many mierosporocytes with bridges at second as at first ana- 

















364 


BULLETIN OF THE TORREY CLUB 


[Vol. 71 


phase. This high frequency of second anaphase bridges appears not to be 
explainable on the basis of inversions. Whatever the cause of the bridges may 
have been, they apparently involved at least three different chromosomes in 
T. machaxT. durum (fig. 12) and at least two in T. macho xT. turgidum 
and T. macha x T . dicaccoides (figs. 11,15). The bridges appeared to be con¬ 
fined to the long arm of chromosomes with subterminal centromeres, except 
in T. macha x T. durum , where chromosomes with submedian and median 
centromeres seemed to be involved also. 



Figs. 11, 12, 15. Bridges at second anaphase in (11) T. machaxT. turgidum, (12) 
T. machaxT . durum , and (15) T. machaxT. dicoccoides. x500. Fig. 13. Normal ana¬ 
phase I in T. rqacha x T. dicoccoides . x 500. Fig. 14. Multiple configurations delayed in 
division in T. machax T. durum, x 500. Fig. 16. Two single bridges at first anaphase in 
T. tpeltaxT. macha . x500. Figs. 17-20. Crumbled chromosomes in T. machaxT . dicoc¬ 
coides. x 500. 
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Long chains of three sometimes failed to congress in the pentapJoids. The 
multiple configurations usually separated more slowly than the normal 
bivalents (fig. 14). 

In T. macha x T. dicoccoides the first division was normal (fig. 13), but 
the chromosomes usually crumbled into masses at the second division (figs. 
17-20). The abnormality occurred either before or after the formation of a 
metaphase plate. The chromatin masses formed varied considerably in num¬ 
ber, size, and shape. This crumbling of chromosomes presumably accounts for 
the high percentage of sterility in this hybrid. 

DISCUSSION 

Little support is provided by the present investigation for the suggestion 
of Dekaprelevitch and Menabde (1932) that Triticum spelta may have been 
derived from T. macha. The irregular meiotic behavior and the low fertility 
of the T. spelta x T. macha Fi certainly do not favor such a hypothesis; and 
neither does the fact that the spike of T. macha has a type of disarticulation 
not found in any variety of T. spelta. 

The exact phylogenetic relationship of T. macha to the other species of 
hexaploid wheat is not at ail clear. The fact that the intensity of pairing, as 
measured by the number of chiasmata, is essentially the same in-the penta- 
ploid hybrids as in T. macha itself suggests that the A and B genoms of 
T. macha may be identical with those of the emmers except for at least three 
reciprocal translocations (to account for the ring of six and association of 
four sometimes found in a single cell). This possibility of close relationship 
is favored by the relatively high fertility of two of the pentaploid hybrids— 
about 60 per cent, which is greater than ordinarily found in hybrids between 
T. vulgarc and T. durum or T. dicoccum (Love 1941). Also, the meiotic 
irregularities of the pentaploid hybrids involving T. macha are no greater 
than in certain of Love’s hybrids of T. vulgarc with T. durum. 

The possibility that T. macha may possess a somewhat different C genom 
than the other hexaploid wheats arises from the finding that pairing is rela¬ 
tively poorer in T. spelta x T. macha than in T. macha x the tetraploid wheats. 
Furthermore, the method of disarticulation of the spike is fundamentally dif¬ 
ferent in T. macha from that in T. spelta or T. vulgarc , and the type of awn is 
different from that in T. spelta and from the various types described by Wat¬ 
kins and Ellerton (1940) for T. vulgarc. A simple explanation for these dif¬ 
ferences would lie in the independent origin of T. macha as an amphidiploid 
resulting from a cross of one of the emmers with a species of Aegilaps having 
short awns (or lacking awns altogether) and a rachis fragile above the point 
of attachment of the spikelet. 

SUMMARY 

Hybrids with Triticum spelta and T. vulgarc show that T. macha differs 
genetically and cytologicallv from the other hexaploid wheats. It has a dif- 



366 


BULLETIN OF THE TORREY CLUB 


[Vol. 71 


ferent kind of awn and a different type of disarticulation of the raehis. The 
Fj plants are very weak and are either completely sterile (T. vulgare x T. 
macha) or about 60 per cent sterile (T. speltaxT. macha). At meiosis T. 
spelta x T. macha showed an average of 2.90 chromosomes involved in multi¬ 
valent configurations and 0.93 in univalents. Bivalents are of reduced chiasma 
frequency, and bridges are frequent at first anaphase. 

Hybrids of T. macha with the tetraploid species T. turgidum, T. durum, 
and T. dicoccoides do not differ greatly from the similar hybrids involving 
T. vulgare or T. spelta. Multivalent associations occur, but bivalents are of 
approximately normal chiasma frequency. Anaphase .bridges are found, par¬ 
ticularly at the second division. Fertility is high (about 60 per cent) except 
in T. macha x T. dicoccoides, which is almost completely sterile, apparently 
through crumbling of the chromosome^t the .second division. Awns are of 
intermediate length in these hybrids, and spikes are longer than in either 
parent. 

Department op Agronomy, College of Agriculture and Forestry 
University of Nanking 
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HETEROKARYOSIS IN PENICILLIUM NOTATUM 

Gladys E. Baker 

It has been recognized through experience that single-spore transfers 
of Penicillium notatum Westling are undesirable in maintaining an active 
penicillin-producing strain, for this practice is said to result in a less pro¬ 
ductive strain (Clutterbuck et al. 1932; Foster et al. 1943). Since the single¬ 
spore method is commonly regarded as means of securing pure lines in many 
fungi, it seemed important to investigate the nuclear behavior of this species 
to see if that might explain the necessity of mass spore transfers. 

A penicillin-producing strain of this fungus (N.R.R.L. 1209) was used. 
Films of modified Czapek-Dox agar were spread on sterile slides and when 
dry were sown with a water suspension of spores from a seven-day culture 
on the same agar. The slides were incubated in sterile moist chambers at 25° 
C. Material was killed and fixed on the slides at intervals of 6, 12, 24, 36, 48, 
and 72 hours. Of the various fixatives employed, Bouin’s and a modified F. 
A. A. gave the best results. Conidiophores with conidia frequently appeared 
as early as the 24-hour stage and 48 hours provided a full range of mycelial 
and conidial development. For nuclear stages of the conidia the spore suspen¬ 
sion was put directly on slides with Mayer’s adhesive, dried down lightly 
and immediately killed and fixed. In addition small portions of colonies on 
agar plates were cut out and fixed. These were embedded in paraffin and 
sections cut 7 p and 10 p thick. All slides were stained in Heidenhain’s 
iron-alum-haematoxylin and counterstained w r ith 1 per cent alcoholic 
phloxine. These agar-film slides were also used for microchemical tests. For 
direct observation of germination stages agar slide cultures were prepared 
after'the method recommended by Henrici (1930). 

The conidia of P. notatum are subglobose, smooth and of varying 
diameters. Before germination they range from 2.0-4.0 p in diameter. 
Mierochemically the wall substances give a positive reaction for cutin and 
pectin, but not for cellulose; for storage substances they give positive tests 
for glycogen, fats, and proteins. Their enlargement prior to germination is 
conspicuous, often doubling their size. Conidia produced in the saftie chain 
frequently do not separate before they germinate. The w y all between two such 
contiguous cells is conspicuously thinner. A germ tube may be produced 
from each of these conidia independently, or less commonly from only one 
of the spores, in which case the nucleus of the second spore may migrate 
into it (fig. 2). 

A conidium typically contains one nucleus and germinates by a single 
germ tube, or less frequently by two germ tubes (figs. 1, 3). The nucleus 
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divides as the germ tube is produced. One of the two daughter nuclei may 
remain in the conidium or near it, the second one moving out into the hypha 
for further division. Or both the daughter nuclei may move out into the 
elongating hypha and divide again. Germination of the spores occurs in 6-7 
hours after sowing and in two more hours the hypha may be 50 p long and 
in the 4-nucleate stage (fig. 1, c } d). Occasionally one finds two nuclei in a 
eonidium but they often evince signs of recent division, which suggests 
that the binucleate condition arose subsequent to separation from the 
conidiophore. No conidia were found with more than two nuclei. Many 
nuclear divisions, accompany the elongating hyphae. Cross walls may or 
may not follow these early mitotic divisions. As the hyphae elongate the more 
distal portions are clearly septate. In the basal portions (nearer the original 
spore) the nuclei may never become separated by walls, but they are spaced 
well apart. The mycelial cells are consistently uninucleate in the distal septate 
regions; elsewhere they may be binucleate or even plurinucleate through in¬ 
tercalary division and lack of immediate septation. 

Conidiophores are produced early and freely by the mycelium. The 
phialides are uninucleate with regular nuclear divisions which provide 
daughter nuclei for the developing conidia. The first eonidium of a series is 
formed at the apex of the phialide as a swollen vesicular expansion, the 
connection between it and the phialide gradually contracting so that only a 
narrow connective remains at maturity, through which the nucleus passes 
in an attenuated fashion. Once within the spore the nucleus again becomes 
globose (fig. 5). Successive conidia seem to be formed by continued enlarge¬ 
ment and constriction of the phialide behind the first-formed conidium. 
The process is accompanied by continued mitotic division of the producing 
phialide. 

There is nothing unusual about this behavior. However, in watching 
the progress of germination one finds that after 12 hours or so the frequency 
of anastomoses involving the spores and their germ tubes is very striking. 
Such anastomoses are not unnoted for the Penicillia but in connection with 
their nuclear history may be important. Anastomoses occur between spores 
by short hyphal connectives, between spores and hyphae, and between ma- 

Explanation of figures 1-10 

Fig. la. Spores before germination, x 1850. b. Spores at germination, x 1850. 
c. Spores at seven-hbur germination stage, x 590. d . Spores and hyphae at nine-hour 
stage. *590. Fig. 2. Contiguous conidia germinating, x 1850. Fig. 3. Germination stages 
showing nuclei, x 1850. Fig. 4. Stages in conidiophore and conidia formation, x 1850. 
Fig. 5. Nucleus passing into first conidium. x 1850. Fig. 6. Germinating and anastromos* 
ing spores at 12 hours, x 390.. Fig. 7 a, b , c. Types of anastomosis, x 1850. Fig. 8. 
Detail of eight variously derived 1 hyphal strands and their anastomosis. Not all of the 
conidial sources, are illustrated, x 900. Fig. 9. Hyphae and conidiophores from a single 
spore, 48 hours, x 390. Fig v 10. Septal pores between cells, x 1850. All figures drawn 
with the aid of an Abb6 camera lucida. 
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ture hyphae, producing a microscopic picture of much interlacing (figs. 
6, 7). The total effect is of large clumps of spores as foci from which radiat¬ 
ing hyphae fuse freely amongst themselves (fig. 8). Nuclear descendants 
of many spores thus have possible introduction into the mature hyphae. In 
figure 8 at least eight spores and their hyphal outgrowths are confluent. 
The nuclei divide very freely and their passage from one hypha to another 
is easily demonstrated (fig. 7). This free movement in the hyphae is greatly 
facilitated by the infrequency of septa in the oldest regions of the mycelium 
(those nearest the spores). In the septate areas the nuclei possibly could 
migrate from cell to cell through septal pores. These can be demonstrated 
by the chlor-zinc-iodide and I 2 KI method, although they are very fine and 
difficult to show (fig. 10). Any significance that might be attached to a pluri- 
nucleate condition of the conidia is diminished when it is apparent that'a 
random assortment of nuclei from various eonidial sources is so easily 
obtained in the hyphae. 

Each uninucleate conidium receives a daughter nucleus from the origi¬ 
nal nucleus of the phialide, itself a descendant of any nucleus in the mycelial 
network producing the conidiophore. If there are any factorial differences 
in the nuclei of the mycelium their allotment to the conidium-producing cells 
is certainly random as a result of anastomoses, and consequently conidia 
from the same fertile hjqpha could carry different nuclear factors. Likewise 
if a single conidium with a single nucleus is germinated to produce mycelium 
and conidiophores it is obvious that the first eonidial descendants all have 
nuclei exactly alike, borne on a mycelium without anastomoses. That a single 
spore if germinated by itself can produce conidiophores and conidia is not 
difficult to show (fig. 9). Subsequently these conidia in turn will germinate 
to increase the colony by more hyphae which then may anastomose. How¬ 
ever, the nuclei will all be identical, unless somatic mutation occurs. In 
watching individual spores widely spaced on agar films, it was evident that 
these spores with no chance to develop anastomoses germinated much more 
slowly and less vigorously than those sown in large numbers. 

A survey of the literature reveals very few cytological descriptions of 
Penicillium. Thom (1930) recognizes the phenomenon of anastomosis in the 
genus and cites Dangeard’s work on the cytology of certain species. The 
identity of Dangeard’s species m r ay not be clear today, but there can be no 
doubt that as early as 1907 he described a Penicillium (P. vermiculatum) 
with uninucleate spores and mycelium (see his plate 17, figures 10 and 11), 
and that this species also exhibited frequent anastomoses. He describes the 
fusion of the anastomosing cells, the resorption of the walls at those points, 
and the subsequent nuclear passage. In another species (P. crustaceum) he 
notes that the thailus jsells are plurinucleate, but that they become uni¬ 
nucleate in the conidiophore. Conidium formation he likens to the budding 
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of yeasts, each conidium receiving a daughter nucleus prior to the formation 
of a basal wall. Dangeard’s papers still represent the most complete cyto- 
logical series available. 

Anastomoses among germinating hyphae in Penicillium were recognized 
in 1893 by Wehmer who described them for Penicillium luteum . Anastomosis 
in other Ascomycetes has been noted as early as 1870 by de Bary and 
Woronin in two species of Sordaria. The Tulasne brothers illustrated the 
same behavior in Cryptospora aucta. Their comments have several points 
of interest in connection with Penicillium notatum and its anastomoses. 
The Tulasnes mentioned that those germ tubes which had been growing 
for a long time formed septa and that the young germ tubes coalesced 
with each other or with the conidia themselves so that “wonderful anasto¬ 
moses” arise (Grove et al. 1931). Biourge (1923) illustrates various species 
of Pcnicillia without particular reference to their nuclei. Some of his figures 
of spores and cells suggest that these are uninucleate,—one may be binucle- 
ate—but no such statement attends the figures. Probably there are both uni¬ 
nucleate and plurinucleate species of the genus. 

Some species of Penicillium produce an ascocarpic or zygotic stage, but 
this type of reproduction is unknown for P. notatum Westling, and conse¬ 
quently the combination and segregation of hereditary factors through 
karyogamy and meiotic division cannot be shown by genetic experiments 
as it can in some fungi (e.g., Venturia inaequalis, Keitt 1941; Hypomyces 
solani f. cucurbitae, Hansen and Snyder 1943). However, beginning with the 
work of Hansen and Smith in 1932 there has been serious consideration of 
the problem of variation in imperfect fungi. Hansen has introduced the term 
“dual phenomenon” to explain the means of variation in these azygotic 
fungi. In 1938 Hansen described the results of single-spore isolations from 
“multinucleate, binucleate, and mainly uninucleate” spores. The last cate¬ 
gory is the one in which P. notatum would fall. From his multinucleate 
single-spore cultures he found three types of variants were produced: two 
contrasting types, the homotypes, and their intermediate types, the hetero- 
types. The latter consistently give rise to more heterotypes and the former 
reproduce themselves. This dual phenomenon is due to heterokaryosis, or the 
possession of two genetically unlike kinds of nuclei in the cells. Their separa¬ 
tion results in homotypes. It is easy to see how this operates in multinucleate 
spores—the phenotypic expression of the dual phenomenon is the result of 
the different genotypic nuclei present in them. If all the nuclei in a spore 
are genotypically identical then a homotype results. Differences in balance 
between the two nuclear types gives different phenotypic heterotypes. In 
uninucleate lines Hansen also isolated two homotypes ( Verticillium albo - 
atrum) but it took many cultures—up to 50—to produce a line with the two 
homotypes together in the same spore. He assumed that these spores then are 
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binucleate. Consequently in maintaining such a fungus by single-spore 
transfer the chances of selecting a spore containing both homotypes is 
extremely small. Unless that particular kind of a spore is transferred the 
subculture will carry only one of the homotypes. Hansen feels that the 
occurrence of the dual phenomenon is frequent enough to warrant regarding 
it as the natural condition in imperfect fungi. 

Post (1933) from single-spore cultures of Macrophomina Phaseoli de¬ 
rived two lines, one with and one without pycnidia. In Penicillium notatum 
the particular factorial difference under consideration is physiological: 
the penicillin-producing capacity. The means by which heterokaryosis 
is established in this fungus have already been shown. The cytogenetic 
behavior easily allows for the presence or absence of differing factors in the 
mycelium and consequently among the spores. Hansen (1942) remarks that 
heterokaryosis cannot occur in uninucleate cells. Such a conclusion is obvi¬ 
ous, but if the nuclear behavior is such as to allow for genetic differences 
among spores even if not in them, then the ultimate effect achieved 
through subsequent anastomoses of the hyphae from these spores is the same. 
To support this reasoning a quotation from Hansen (1942) seems appropri¬ 
ate: 4 ‘ In this connection it is well to remember that at least two factors or 
mechanisms operate against the possibility of the uninucleate condition 
being continuous or permanent in any fungus. Those two factors, mitosis and 
anastomosis, operating singly or together are able to produce binucleate, 
trinucleate, and quadrinucleate cells in fungi generally considered to have 
uninucleate cells.’ 7 

In Penicillium notatum the random assortment or mixing of nuclear 
types in the mycelium produces the effect of heterokaryosis even though the 
septate portions of the thallus are uninucleate. Dodge (1942) has discussed 
the effect of the inclusion of different sets of genes in the same cytoplasm but 
not in a common nucleus. The dissociation of homotypes from the dual con¬ 
dition can be concerned with physiological or morphological differences. 
Their association produces heterokarvotic vigor. 

Therefore the trouble with single-spore transfers of Penicillium notatum 
is due to the fact that such practice does carry on a pure line but presumably 
a homotypic and not a heterotypic one. And the maintenance of the incom¬ 
plete nuclear line is undesirable. By perpetuating the homotypes together 
or assuring heterocaryosis, the desired strain can be maintained. In Peni¬ 
cillium notatum this is done easily by mass spore transfer which assures an 
abundance of anastomosing hyphae and a recombining of the homotypes. 

« SUMMARY 

1. Conidia of Penicillium notatum West, are uninucleate. They germi¬ 
nate by one or two gernf tubes. 
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2. Anastomosis occurs freely among spores and hyphae, accompanied by 
nuclear division and nuclear migration. 

3. The assimilative hyphae are plurinucleate or binucleate, becoming 
uninucleate in the cells subtending the conidiophores. .Phialides are uni¬ 
nucleate. 

4. The anastomosing of hyphae and spores in multiple spore transfers 
assures a combining of factors and heterokaryosis as spores with nuclei of 
different origins are brought together. 

Plant Science Department, Vassar College 
Poughkeepsie, New York 
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BRAZILIAN CHYTRIDS—I. SPECIES OF NOWAKOWSKIELLA 

John S. Karling 

While serving as Field Director of the exploration department of the 
U. S. Government’s Rubber Development Corporation in Brazil during 1943, 
the author had unlimited opportunities to collect soil and water samples for 
study of the aquatic fungi of the Amazon Valley. Inasmuch as nothing is 
known about the aquatic fungi of this vast tropical area, it seemed highly 
worth while to the writer to utilize this opportunity, although he was pri¬ 
marily engaged in exploring the Brazilian jungles for untapped sources 
of wild rubber. Soil and water samples were collected from swamps, small 
streams, lakes, and rivers in various localities and sent to central headquar¬ 
ters in Manaus, Amazonas, where they were baited with bits of young corn 
leaves, thin onion skin, cellophane, hemp seeds, and other favorable sub¬ 
strata. These samples were examined and studied in a preliminary manner 
at Manaus as time and opportunity permitted and were later sent to Colum¬ 
bia University for further culture and intensive investigation. 1 

Among the numerous chytrids discovered and cultured in this manner 
were five species of Nowakowskiella: N. ramosa, N. elegans , N. profnsa, 
and two additional species which appear to be new. The first of these new 
species is distinguishable by an unusual type of sporangium dehiscence and 
by zoospores which contain numerous small granules instead of a single 
large refractive globule like other species of Nowakowskiella. For this reason 
it is named N . granulata. The second species is characterized primarily by 
elongate, clavate, cylindrical, septate or non-septate sporangia in addition 
to pyriform and spherical ones, and is accordingly designated as N. elongaia. 

Nowakowskiella granulata Karling, sp. nov. Fungus saprophyticus; 
rhizomycelio profuso, copiose ramoso, juveni hyalino in aetate paulo fus- 
cante et membranum crasso, partibus tenuibus 1.5-7 p diametro, interdum 
reticulatis, incrementis pluribus plerumque non septatis, ovalibus 6-8 x 9- 
11 p, vel late fusiformibus 5-9 x 8-13 p, vel prope globosis 6-10 p diametro, 
vel irregularibus; sporangiis terminalibus intercalaribusve, plerumque non 
apophysatis, globosis 12-35 p diametro, vel piriformibus 12-22 x 15-30 p, 
vel ovalibus 10-18 x 12-25 p, vel interdum irregularibus, 1-3 papillas 
efferentes 3 x 5 p, vel 1 plurave collos elongatos habentibus; papillae efferen- 
tis apice canaliculisve maturis mollescentibus obturaculum opacum in ore 
facientibus, protoplasmati inter haec contracto et operculum sub obturaculo 

1 The writer is deeply grateful to Miss Anne M. Hanson and Miss Alfhild Johanson 
for receiving the water and soil samples and taking care of the cultures during his absence 
in Brazil. 
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faciente; operculis hypocraterif ormibus cyathiformibusve, semiglobosis 
conicisve, 3-7 p diametro; zoosporiis globosis 5-6.6 \x diametro, plura aureo- 
brunea grana capientibus, flagello circa 35 p loago; sporis perdurantibus 
levibus hyalinis, membranum 1.5-2 p crassis, globosis 15-24 p, vel ovalibus 
15 x 20 |j, globulum refringens magnum (ad 12 g diametro) cum pluribus 
parvis habentibus; germinatione non visa. 

Saprophytic in decaying vegetable debris in Igarape San Carlos, Matto 
Grosso and Igarape Velho near Porto Velho, Amazonas, Brazil. 

Nowakowskiella elongata Karling, sp. nov. Fungus saprophyticus; 
rhizomycelio hyalino, profuso, copiose ramoso, partibus tenuibus 1-6 g 
diametro, interdum reticulatis, incrementis pluribus non septatis, ovalibus 
5-13 x 7-15 p, vel late fusiformibus 4-8 x &-17 p, vel globosis 5-15 p, 
plerumque multos globulos refringentes capientibus; sporangiis terminali- 
bus intercalaribusve, plerumque non apophysatis, septatis vel non, longe 
clavatis, 8-40 x 20-820 p, vel cylindricis apicem turgidis, curvis compli- 
eatisve rectisve, 5-20 x 30-900 p, vel piriformibus 15-44 x 20-70 p, vel glo¬ 
bosis 10-70 p diametro, vel ovalibus irregularibus; operculo cireulari 
ovalique in extrema linea, hvpoerateriformi, 4-8 p diametro, rare per- 
manente; zoosporiis globosis, 5-6 p diametro, unico (rare duobus) globulo 
refringenti eonspicuo 2-2.5 p diametro habentibus; sporis perdurantibus 
plerumque intercalaribus ex incrementis ortis, hyalinis levibus globosis, 
16-24 p diametro, vel ovalibus, 14-16 x 18-22 p, magnum globulum refrin- 
gentem a globulis parvioribus tabulatim circumdatum habentibus, ger- 
minantibus ut prosporangiis, parte interiori emergente ut zoosporangio 
membranam tenui ad superficiem sporae. 

Saprophytic in decaying vegetable debris from Rio Negro and swamps at 
Flores Nabueo near Manaus, Amazonas; in soil samples from Campo Grande, 
Matto Grosso, and Rio Madeira near Porto Velho, Amazonas, Brazil. 

Nowakowskiella granulata 

As has been noted elsewhere, this fungus differs primarily from other 
species of Nowakowskiella by its unusual type of sporangium dehiscence and 
granular content of the zoospores. As is shown in figure 1, the latter are 
spherical and lack the single large refractive globule which is so character¬ 
istic of other species of this genus. Instead, the refractive material is usually 
dispersed in the form of numerous small golden-brown granules of fairly 
uniform size, which impart to the protoplasm a typical granular appear¬ 
ance. Sometimes, however, the granules may coalesce and form several larger 
refringent globules (figs. 2-5). The method of emergence from the spo¬ 
rangium (fig. 9 A), subsequent behavior at the exit orifice, and type of 
motility of the zoospores, on the other hand, are essentially similar to those 
of other species of Nowakowskiella. They may frequently become amoeboid 
(fig. 3) and creep about as elongate rods (fig. 4). Such shapes are common 
for spores remaining in the sporangia after the latter have opened (fig. 
9B, C). Large biflagellate zoospores are occasionally formed as the result 
of unequal or incomplete cleavage (fig. 5). 
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The type of zoospore germination (figs. 6-8) and the development of 
the thallus are fundamentally similar to those of other species of Nowakow- 
skiella and Cladochytrium described by Berdan (1941), Hillegas (1941), 
and other workers and need not be emphasized in detail here. It is to be 
noted, however, that as the zoospores come to rest and germinate, the refrac¬ 
tive granules aggregate and coalesce to form from two to seven larger 
refringent globules. Figure 9 shows a portion of the rhizomycelium of N. 
granulata with its spindle organs, rhizoids, and sporangia in various stages 
of development and maturation. 

Particularly different from other species, however, is the manner of 
sporangium dehiscence and the changes involved in operculum development. 
In all other known members of Nowakowskiella, the operculum is formed at 
the tip of the exit papilla or canal and is pushed up as the zoospores emerge, 
whereas in N. granulata it is usually formed at varying depths within the 
papilla or exit canal. The successive stages of this process are shown in 
figures 10-19. In the early stages (fig. 10) the tip of the exit tube looks like 
that of any other operculate species, but within a few hours it begins to 
soften and swell (fig. 11) so that a plug of opaque material is eventually 
formed at the apex. At the same time the more granular and heterogeneous 
protoplasm in the neck usually recedes downward, leaving a hyaline area 
of varying size beneath the plug. This area appears to be filled with a hya¬ 
line, more or less viscid substance. At first the surface of the granular pro¬ 
toplasm in the tube is concave (fig. 11), but with further development it 
becomes convex (fig. 12). Figure 12 shows a later stage in which the opaque 
plug has increased in size, while the granular protoplasm has receded further 
and become convex on its surface. Sporangia in this stage of development 
are strikingly similar to those of Cladochytrium hyalinum and C . crassum 
described by Berdan (1941) and Hillegas (1941)—so much so that, until 
the formation of the operculum had been observed, the author regarded the 


Explanation of figures 1-29 

Xowakowskiella granulata. Figs. 1-4. Spherical, amoeboid and elongate zoospores 
with finely granular contents, x3100. Fig. 5. Giant bifiagellate zoospore, x 3100. Fig. 
6-8. Germination of zoospores. x3100. Fig. 9. Portion of the rhizomycelium showing 
developmental stages of the sporangia, x 2800. Figs. 10-14. Successive stages in the 
deliquescence of the tip of the exit tube, formation of a plug of opaque substance, and the 
development of sunken opercula, x 2800. Figs. 15, 16. Plugs of opaque substance extend¬ 
ing down into the tube to sunken opercula. x 2800. Fig. 17. Longitudinal section of 
sporangium with a cone-shaped operculum capped by a fine filament, x 2800. Fig. 18. Sec¬ 
tion of a sporangium with empty exit canal above eperculum. x 2800. Fig. 19. Plug of 
opaque substance displaced and adhering to tip of exit canal, x 2800. Fig. 20. Empty 
sporangium showing region of attachment of operculum in exit canal, x 2800. Fig. 21. 
Persistent operculum in exit canal. Figs, 22-25. Variations in size and shape of 
opercula. x3100. Fig. 26. Sporangium with a very thin, frayed, persistent operculum. 
X 2800. Fig. 27. Early stage of resting spore development. Figs. 28, 29. Mature rest¬ 
ing spores, x 2800. 
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present fungus as a species of Cladochytrium. In figure 13 an increase in 
size of the opaque plug and further recession of the protoplasm are evident. 
This figure also shows the first indication of operculum development at the 
surface of the receded granular protoplasm in the form of a cup-shaped 
thickened layer. Apparently further thickening of the bounding or plasma 
membrane occurs until a well defined operculum is formed (figs. 14-18). 

Slight variations of the above described process often occur. Recession 
of the granular protoplasm in the neck may be very slight or even lacking 
so that the operculum develops immediately beneath the plug (fig. 14). In 
such instances recession may sometimes take place after the operculum is 
formed with the result that the hyaline area may occur between the oper¬ 
culum and sporeplasm. Sometimes the opaque substance may extend down 
into the exit tube to the operculum, as is shown in figures 15 and 16. In a 
few sporangia observed the opaque material had apparently deliquesced 
completely, leaving the exit tube empty above the operculum (fig. 18). In 
two instances the plug was uplifted more or less intact, displaced, and at¬ 
tached to one side of the exit canal (fig. 19), although the zoospores and 
sunken operculum had not emerged. Normally, however, the operculum 
and plug are pushed out simultaneously as the zoospores emerge. 

As has been noted in the diagnosis above the opercula are oval or circular 
in outline and shallow saucer-, bowl-, cup-, and cone-shaped (figs. 22-25). 
Sometimes they may be distinctly apiculate (fig. 16) with the apex capped 
by a tenuous spine of hyaline material (figs. 17, 23, 24). Oftentimes the 
operculum does not separate flush with the inner wall of the exit canal but 
leaves an inward projecting ring of wall material, which in longitudinal 
sectiop looks like two short sharply-pointed ledges (fig. 20). A few sporangia 
have been observed in which the operculum was persistent inside the exit 
tube (fig. 21). Figure 26 shows a sporangium with an operculum which is 
very delicate, thin and frayed at the edge. In such cases the operculum may 
be so thin that it can be seen only with difficulty, and the sporangia accord¬ 
ingly appear at first sight to be inoperculate. 

The occurrence of such poorly defined opercula and the presence of the 
Cladochytrium -like plugs of opaque material in the exit orifices (figs. 12-17) 
suggest the possibility that an evolutionary transition from inoperculate 
cladochytriacous species to operculate ones or vice versa may have occurred 
through dehiscence changes of the nature described above In that event 
N. granulate may possibly be regarded as a transitional species. 

Only a few resting spores have been observed in N . granulata. They are 
usually formed from the intercalary swellings which increase in size, develop 
an abundance of refractive substance (fig. 27) and become thick-willed. 
With further development, most of the refringent globules coalesce and 
form one or two large central ones which may be surrounded by a layer of 
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smaller globules. As is shown in figures 28 and 29, the resting spores may be 
oval, citriform, and spherical in shape. So far, no germination stages have 
been observed. 

Nowakowskiella elongata 

This species has been collected in the northern and southern parts of 
Matto Grosso and in Amazonas near Manaus in moist soil as well as water 
samples. It usually crops up in great abundance in cultures baited with corn 
leaves and onion skin, and as far as present observations go, it appears to be 
more widely distributed and ubiquitous than N. granulata. Its essential 
structural characters and developmental phases are illustrated in figures 
30-43. Except for the sporangia, the rhizomycelium of N. elongata resembles 
more closely that ox N. elegans than any of the other species of Nowakow¬ 
skiella. Its zoospores are of the same size and contain one or rarely two con¬ 
spicuous refractive globules (figs. 3Q-32). They may likewise become amoe¬ 
boid (fig. 32), creep around, and then round up and dart off. No funda¬ 
mental differences in zoospore germination (figs. 33, 34) and development of 
the rhizomycelium have been observed in this species, and consequently it 
would be superfluous to describe these developmental phases in detail. The 
present description will accordingly be confined to the principal structural 
differences. 

A portion of the rhizomycelium with its variously-shaped sporangia, 
broadly oval spindle organs, rhizoids, and resting spores is shown in figure 
35. The most striking structures in this figure are the elongate, clavate and 
cylindrical sporangia (figs. 35 E, F, G, H, I, 36). These sporangia are so 
similar to those of Cxjlindochytridium (Karling 1941a) that, until the polv- 
centric rhizomycelium had been observed, the author believed that they were 
related to this monocentric genus. As was noted earlier, the sporangia may be 
straight, curved, or coiled, non-septate or with one to three septa. The apical 
end in which the spores are formed is usually inflated or swollen. The base 
of the sporangium may also be slightly inflated, as is shown in figures 35 F, 
G, H, I, and 36. Figure 35 F shows an exceptional sporangium in which the 
zoospores were formed in both the basal and apical ends with a sterile vacuo¬ 
late segment in the center. Not all sporangia, however, are elongate, clavate, 
and cylindrical. They may also be spherical, pyriform, flask-shaped, and 
irregular. Figures 35 J and K show two pyriform sporangia, while the one 
illustrated in figure 35 L is intercalary and flask-shaped with rhizoids arising 
from the sides as well as the base. In contrast to those of A T . elegans , these 
sporangia are rarely apophysate. Instead, they are usually subtended by a 
short tenuous filament which, leads to an intercalary swelling or spindle organ 
(figs. 35 F, I, 36). 

Stages in the development of the elongate sporangia are shown in figures 
35 A, B, C, and D. Such sporangia usually begin as elongate clavate swell- 
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ings at the tips of the rhizomycelium (fig. 35 F) which increase in length and 
diameter (figs. 35 B, C) and are soon delimited by a cross septum from the 
remainder of the thallus (fig. 35 D). At first the protoplasm is dense and 
greyish-granular, but as development progresses, vacuoles appear and the 
refringent granules gradually coalesce into larger globules. As the spo¬ 
rangium elongates and the denser protoplasm gradually moves toward the 
apex, the basal portion becomes more and more vacuolate and is eventually 
delimited by a cross wall. If further elongation occurs, the process is re¬ 
peated along the length of the sporangium, and secondary and tertiary septa 
are formed. In the sporangium shown in figure 35 F movement of the denser 
protoplasm was apparently toward both ends, so that the central portion 
became vacuolate and was cut off by cross walls. The dense protoplasm in the 
apex soon undergoes cleavage into zoospores which eventually push off the 
operculum, emerge, and form a globular mass at the exit orifice (figs. 35 L, 
M). The subsequent behavior of the zoospores is essentially similar to that of 
other species of Nowakowskiella. 

Resting spores occur rather commonly in old cultures of A 7 , elongata, and 
as in the previously described species, they are usually formed by the growth 
and transformation of spindle organs. The early developmental stages may 
be easily recognized by an increase in the number and size of the refractive 
globules in the intercalary enlargements (figs. 35 N, 37). This increase con¬ 
tinues as the enlargements grow in size (fig. 38), and gradually the globules 
coalesce to form a large central or excentric one. The wall continues to 
thicken in the meantime until the large oval, citriform, or spherical resting 
spore is fully formed (figs. 35 0, 40, 41). Particularly conspicuous is the size 
of the larger refractive globule in the mature spore. As has been noted else¬ 
where, it may be up to 15 |j in diameter and in some cases almost completely 
fills the spore. When smaller in size, it is usually surrounded by one or two 
layers of small globules (fig. 41). 

So far, only a few germination stages have been observed. In this process 
the content of the spore emerges through a pore in the wall and forms a thin- 
walled evanescent zoosporangium on the surface as in other chytrid species. 
Figures 42 and 43 show late progressive developmental stages of small elon¬ 
gate sporangia* but more elongate and septate sporangia also have been 
observed. 

Explanation of figures 30-44 

Nowakowskiella elongata. Figs. 30, 31, 32. Spherical and amoeboid resting spores, 
x 3100. Figs. 33, 34. Germinating spores, x 3000. Fig. 35. Portion of the rhizomycelium 
showing variations in the shape and structure of the sporangia. Hyphal anastomosis at 
p. x 2800. Fig. 36. Clavate sporangium with inflated base. Figs. 37-39. Stages in the 
development of resting spores from spindle organs, x 3000. Figs. 40, 41. Mature resting 
spores, x 3000. Figs. 42, 43. Germinating resting spores, x 2800. Fig. 44. Zoospore from 
germinated resting spore, x 3100. 
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Nowakowskiella PROFUSA 

This species was discovered by the author in New Kent County, Virginia, 
in the winter of 1941, and later (1941a, 1942) collected in Texas, Alabama, 
Arkansas, Florida, Georgia, Louisiana, Mississippi, South Carolina, and 
Tennessee. It appears thus to be widely distributed in the southern states, 
and consequently it was not surprising to discover its occurrence in South 
America also. So far, however, it has been found in only one locality in 
Brazil—in a moist soil sample at San Carlos on the Madeira-Mamore rail¬ 
road in Matto Grosso. 

Inasmuch as N. profusa has been only briefly described and never illus¬ 
trated, a short description with figures of its chief structural characters and 
developmental stages is herewith presented from the Brazilian material. No 
fundamental differences between the South American and North American 
material has been found, so that the present account holds for both types. 
Nowakowskiella profusa differs principally from the other known species of 
this genus by its smaller zoospores, the rare occurrence or even lack of well- 
defined spindle organs, and yellowish-brown resting spores which may func¬ 
tion directly as sporangia with exit canals in germination or act as prospo¬ 
rangia and give rise to thin-walled zoosporangia on their surface. The com¬ 
paratively smaller zoospores and their more minute refractive globules are 
illustrated in figures 45-47. They germinate (figs. 49-51) and give rise to 
a tenuous rhizomycelium in the same manner as in the previously described 
species. The fully developed and mature thallus is relatively coarse, and has 
the appearance and structure of the portion shown in figure 52. An abun¬ 
dance of intercalary oval, elongate, and spindle-shaped sporangia with one 
or mure apical, subapical, or lateral opereula is common and distinctive in 
this species. Particularly characteristic is the rare occurrence per se or lack 
%f sharply defined relatively empty spindle organs of the type found in N. 
granulata , N. elongata, and other cladochytriacous species. Intercalary swell¬ 
ings frequently develop, but they usually increase in size and become spo¬ 
rangia or resting spores. In a previous publication (1941a) the author re¬ 
ported that the tenuous portions of the rhizomycelium vary from 6 to 15 jj 


explanation of figures 45-68 

Nowakowskiella profusa. Figs. 45—47. Spherical and amoeboid zoospores with 
single small refractive globule, x 3100. Fig. 48. Giant biflagellate zoospore with three 
refractive globules. x3100. Figs. 49-51. Germination of zoospores. x3100. Fig. 52. 
Portion of the rhizomycelium. x 2800. Fig. 53. Portion of an older rhizomycelium with 
numerous refractive globules, x 300. Fig. 54. Early stages in resting spore development, 
x 2800. Figs. 55-59. Variations in size and shape of resting spores, x 2800. Figs. 60, 61. 
Longitudinal views of resting spares which are functioning as prosporangia in germina¬ 
tion. x 2800. Figs. 62-65. Surface views of resting spores which are germinating directly 
as sporangia wifh exit tubes, x 2800. Fig. 66. Similar resting spore in longitudinal view. 
X 2800. Fig. 67. Septate sporangium from germinated resting spore with emerging zoo¬ 
spores. X 2800. Fig. 68. Zoospore from germinated resting spore, x 3100. 
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in diameter. Subsequent study of additional North American as well as 
South American material has shown that the larger diameters are very ex¬ 
ceptional and that the more normal range is from 1 to 9 p. 

Besting spores occur very abundantly in N. profusa and germinate after 
a short rest period. As cellophane and corn leaf cultures of this species 
become older, a marked increase in the amount of refractive substance 
usually occurs in the rhizomycelium (fig. 53). This change is usually, but 
not always, indicative of resting spore development. In such thalli the re- 
fringent globules accumulate in the intercalary swellings, which later be¬ 
come delimited from the more tenuous empty portions of the rhizomycelium 
by cross walls (fig. 54). These segments are the incipient resting spores. With 
further growth and increase in size, aggregation of refractive globules, and 
thickening of the wall they finally attain maturity. Unlike those in the spores 
of the previously described species, however, the refringent globules rarely 
coalesce to form a large central one. Instead, they usually remain compara¬ 
tively small and evenly distributed (figs. 55-57, 58). With increasing age, 
the wall of the spore turns yellowish-brown in color. As has been reported 
earlier (1941a), the mature spores may be elongate, fusiform, truncate, oval, 
spherical, and slightly irregular in shape. 

In germination, as noted earlier, they may function as prosporangia or 
directly as sporangia. In the former case, the content emerges through a 
relatively small pore in the wall and develops into thin-walled zoosporangia 
of various sizes and shapes, as is shown in figures 60, 61, and 67. (Termination 
of this type has not been observed very often, and so far it appears to be 
somewhat exceptional. In the second type an exit tube bursts through the 
wall as the content of the spore is transformed directly into zoospores. Fig¬ 
ures 62-65 show surface views of such spores with the protruding exit tubes, 
while figure 66 illustrates a similar spore in longitudinal section. The exit 
canals vary considerably in diameter and length and may occasionally 
branch (fig. 65). Especially noteworthy in figures 62-65 are the large jagged 
openings made in the spore wall by the protruding tubes. The types of germi¬ 
nation herein described are not always sharply differentiated and transition 
stages between the two frequently occur. Regardless of the type, posteriorly 
uniflagellate zoospores are eventually produced as is shown in figures 67 
and 68. , 

Nowakowskiella ramosa 

This species was first observed by Butler (1907) in rotting stems of 
Triticum vulgare in India and later reported as N. endogena by Domjan 
(1936) in decaying leaves 6f Typha from Hungary. It was subsequently 
found in the New World by the author (1941a, 1942) in decaying vegetable 
debris from Texas, Alabama, Florida, Louisiana, and South Carolina The 
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discovery of its presence in decaying grass leaves from a swamp near San 
Carlos, Matto Grosso, Brazil, shows that it is even more widely distributed. 
Study of the South and North American material has completed our knowl¬ 
edge of the life cycle of this species, and it is now possible to complete the 
species diagnosis begun by Butler in 1907. 

N. ramosa Butler. Rhizomycelium hyaline, profuse, richly-branched, occa¬ 
sionally septate; tenuous portions 1.5-8 g in diameter, occasionally anasto¬ 
mosing ; spindle organs oval 4-6 x 6-10 g, or broadly fusiform 5-7 x 12-16 g, 
or almost spherical 6-9 g, or elongate. Sporangia terminal or intercalary, 
apophysate or non-apophysate, apophysis when present usually subspherical 
and up to 11 p in diameter; sporangia spherical 20-50 p, or pyriform 15- 
30 x 25-40 p, or oval 15-20 x 22-30 p, or elongate or slightly irregular, with 
1-3 low exit papillae or exit tubes up to 100 p long. Opercula oval or circular 
in outline, 4-6 p in diameter. Zoospores spherical 6.6-8.8 p, with a large (3 p) 
plastic refractive globule and a flagellum 36-40 p long; frequently becoming 
amoeboid; forming a globular mass at the exit orifice immediately after 
emerging but soon separating and dispersing. Resting spores formed from 
proliferated spindle organs and short lateral branches; spherical or slightly 
angular, 15-26 p, hyaline to yellowish in color, with numerous small refrac¬ 
tive globules or a large central one surrounded by smaller globules; wall 
1.8-2.6 p thick, smooth or slightly verrucose (?); resting spores usually func¬ 
tioning as prosporangia in germination and giving rise to thin-walled zoo¬ 
sporangia on their surface; occasionally germinating directly as sporangia 
with an exit tube which bursts through the spore wall. 

Saprophytic in decaying leaves of Tritkum vulgare in India (Butler 
1907), leaves of Typha angustifolia ill Hungary (Domjan 1936), grass leaves 
and vegetable debris in the U.S.A. (Karling 1941a, 1942) and Matto Grosso, 
Brazil. 

Nowakowskiella ramosa differs chiefly from the other known species of 
this genus by a marked proliferation of cells in relation to resting spore 
formation, and since the time of its discovery by Butler the question of 
whether or not sexuality is involved in this process lias often been raised. 
For this reason particular attention has been given to this developmental 
phase in the Brazilian material. Inasmuch as the rhizomycelium and resting 
spore development of A T . ramosa have not been extensively figured, a portion 
of the thallus with numerous developmental stages is presented in figure 69. 
When grown on cellophane the rhizomycelium may become very profuse and 
form a dense web of filaments, sporangia and resting spores, particularly at 
the edge of the substratum. Quite often almost the entire developmental 
cycle can be observed within a small area. Figure 69 shows a portion of such 
an area and illustrates very well the dense growth which this species may 
make. 

No fundamental differences have been found between the North and 
South American material, except that in the latter the tenuous portions of 
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the thallus are often slightly coarser and more irregular. The difference, how¬ 
ever, is not sufficiently great to warrant species differentiation. In both types 
of material the older filaments become fairly thick-walled with age. Hyphal 
anastomosis occurs fairly often (figs. 69 B, 69 C) as in other species of 
Nowakowskiella, but these fusions do not appear to have any sexual signifi¬ 
cance. At least they do not lead to the formation of zygotes. 

As Butler and the author (1941a) have already reported, the resting 
spores of this species are formed from masses of proliferated cells in various 
portions of the rhizomycelium. In the Brazilian material they usually develop 
from spindle organs which undergo extensive proliferation. The initial stage 
in this process is shown in figure 69 D of an intercalary swelling which has 
divided transversely. Later tangential and longitudinal divisions also occur, 
so that the spindle organs become pseudoparenchymatous and irregular (figs. 
69 E, 69 F). In the latter figure one of the cells has put forth a small stalked 
bud which is beginning to enlarge at the tip and will become a resting spore. 
A more advanced stage is shown in figure 69 G of an irregular spindle organ 
situated near the end of a filament and which bears two mature and two 
young spores. Most spores are borne on distinct stalks of varying length, and 
may sometimes appear in clusters up to six in number. At this poinf it is im¬ 
portant to note that the development of resting spores from proliferating 
spindle organs is not restricted to A. ramosa. Similar but less extensive pro¬ 
liferation has been found by Berdan in Cladochytrium hyalinum , but in the 
latter species the spores apparently a,re not borne on stalks. 

In addition to developing from spindle organs, the resting spores may 
also originate from short lateral branches which enlarge at their tips, divide, 
and undergo similar proliferation. Figures 69 H-N show various stages in 
this process and indicate that it is fundamentally the same as in the case of 
the spindle organs. Here also the spore rudiments begin as small stalked buds 
on the proliferating cells and develop into the mature spores (figs. 69 K, L, 
M). Occasionally, the proliferated lateral branches remain sterile and fail to 
form spores. Similar rare occurrences have been observed in the case of pro¬ 
liferated spindle organs also. 

In this connection it may be noted that proliferation of the spindle 
organs and lateral branches may also be associated with the formation of 

Explanation of figure 69 

Nowdkou xkieUa ramosa . A. Zoospore, x 3100. B, C. Ilyphal anastomosis, x 2800. 
I), E, F, G. Stages in the origin of resting spores from proliferating spindle organs. 

X 2800. H, I, J, K, L, M, N, O. Stages in the origin of resting spores from proliferating, 
short lateral branches, x 2800. P. Cell proliferation in relation to sporangium develop¬ 
ment. X 2800. Q. Proliferated lateral branch, the ultimate cell of which formed a resting 
spore, while the penultimate cell developed into a zoosporangium, x 2800. R, S, T. Stages * 
in the origin of resting spores from two short lateral branches which appear to have grown 
together and proliferated, x 2800. XT. Germinated resting spores w'hieh have functioned as 
prospornngia. x 2800. V. Resting spore germinating directly with an exit tube. X 2800. 
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zoosporangia as well. Figure 69 P shows an empty sporangium which ap¬ 
parently developed from one of the central cells of a proliferated intercalary 
enlargement. Another unusual growth is shown in figure 69 Q of a greatly 
enlarged phragmosporous branch, the ultimate cell of which formed a rest¬ 
ing spore while the penultimate one developed into a zoosporangium. 

In a few instances resting spores were observed to arise from two lateral 
branches which appear to have grown together and later proliferated (figs. 
69 R, S, T). In the early developmental stages such branches resemble some¬ 
what the isogametes of a homothallic Zygomycete, and this similarity has sug¬ 
gested that sexuality may be involved in resting spore development. Several 
developmental stages of this type have been carefully followed, but so far 
no cell fusion between contacting branches has been observed. It is not im¬ 
probable that fusions may occur, but that they involve union of gametes is 
not at all certain. It is quite probable that they are vegetative and of the 
same nature as the hyphal fusions reported above. This view of the author 
is supported by the fact that zoosporangia as well as resting spores may 
result from such union as is shown in figure 69 S. 

Regardless of the type of origin of the spores, a large amount of refrac¬ 
tive material is usually formed in the proliferating cells and eventually ac¬ 
cumulates in the spores as they mature. The refringent globules may coalesce 
to form a large central one or remain relatively small and evenly distributed. 
The mature spore of N . ramosa is predominantly spherical with a fairly thick 
wall. A large number of spores in the Brazilian material were uneven or 
slightly verrucose on their outer surface, but it is not certain whether this 
is a true wall character or merely an incrustation. A few slightly angular 
spores also have been found in this material, the discovery of which supports 
the author’s (1941b) previously expressed view that the resting spores re¬ 
ported by Domjan as those of N. endogena in Hungary actually relate to 
N. ramosa . 

The resting spores germinate readily under laboratory conditions, and 
in so doing they usually function as prosporangia, as in most other ehytrids, 
giving rise on their surfaces to thin-walled zoosporangia as is shown in fig¬ 
ures 69 T and 69 V. Sometimes, however, they may germinate directly as in 
N. profusa with an exit tube which bursts through the spore wall. Figure 
69 V shows such a case with a fairly long operculate exit tube.The zoospores 
produced by the resting spores are similar in size, shape and behavior to 
those formed in the primary zoosporangia. 

As was noted earlier, the type species of the genus, N. elegans, also was 
found in Brazil in a moist soil sample from San Carlos, Matto Grosso. This 
species is widely distributed in Europe and North America, and it was not 
surprising to find it in South America also. Inasmuch as it is well known and 
has been frequently described and illustrated, further description of it here 
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would be superfluous, particularly since no fundamental differences were 
observed in the Brazilian material. 

The discovery of the new fungi, N. granulata and N. elongata, raises the 
number of species in Nowakowskiella to six. Of these, all have been found in 
Brazil except N. hemisphaerospora Shanor (1942). Careful search has been 
made for the latter species, but so far it has not appeared in any of the soil 
and water samples. 

SUMMARY 

Five species of Nowakowskiella have been found in various parts of the 
Amazon Valley, two of which, N. granulata and N . elongata, are new. The 
first of these two is distinguishable by sunken opercula in the exif papillae 
or tubes and zoospores which contain numerous small refractive granules 
instead of one large, conspicuous refringent globule. The other species is 
characterized primarily by elongate, straight, curved, or coiled, septate or 
non-septate, clavate and cylindrical as well as spherical and pyriform zoo- 
sporangia. Nowakowskiella profusa , N. ramosa and N. elegans also occurred 
in great abundance in various soil and water samples collected in Brazil. 
Department of Botany. Columbia University 
New York. New York 
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INTERESTING NORTH AMERICAN AGARICS 

Alexander H. Smith 

INTRODUCTION 

During the summer and fall of 1941, with the aid of a grant from the 
Horace H. Rackham School of Graduate Studies of the University of Michi¬ 
gan, investigations of our western agaric flora were continued in four 
selected localities, the Payette Lakes region of west central Idaho, the Mt. 
Baker region in the northern Cascades of Washington, the Olympic Moun¬ 
tains of western Washington, and the McKenzie Pass region in central 
Oregon. The last half of July and first week in August were spent in the 
vicinity of Payette Lakes. Here, because of favorable conditions for the fruit¬ 
ing of fleshy fungi, intensive collecting was carried on in the ponderosa pine 
forests in the immediate vicinity of the lakes as well as in the balsam and 
spruce forests at higher elevations to the east and southeast. During August 
a location was selected a short distance above Glacier on the Nooksak River 
near Mt. Baker and trips were made into the mountains on either side of the 
river. During the early part of September, in company with E. B. Mains, a 
survey of the Baker River area was made from a location on Baker Lake. 
During the last of September and most of October intensive collecting was 
carried on in the northern Olympic Mountains of Washington, particularly 
in the vicinity of Olympic Hot Springs in the Olympic National Park, and 
on tfy$ slopes of Mt. Angeles near the town of Port Angeles. A final location 
was selected during early November at Sisters, Oregon, just east of the 
Cascade Mountains near McKenzie Pass. In this region the open forest 
of pine and larch furnished excellent collecting. 

Because of exceptionally favorable weather conditions, good collecting 
was encountered at all of these stations, and many unusual fungi were found. 
Since the region around Payette Lakes in Idaho is ordinarily very dry dur¬ 
ing July and early August, it was an exceptional bit of good fortune to 
encounter both favorable collecting conditions and a luxuriant agaric flora 
at that time of year. The material gathered there becomes more interesting 
when one recalls that almost no information on the agaric flora of the 
Salmon and Payette River drainage is available. The comparison of this 
flora with that from similar plant habitats west of the Cascades is in 
progress. 

The Olympic agaric flora of 1941 was outstanding particularly for the 
large number of Cortinarij, it contained, and critical studies of many of. these 
will be reported upon separately. Species of Tricholoma and Clitocybe were 
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also unusually abundant. The same relationships noted previously (Smith 
1941) between the fungous and phanerogamic floras were verified during the 
fall of 1941. However, certain additional features were evident. The height of 
the season for Cortinarius, particularly those species not having viscid pilei, 
apparently follows the fruiting period of Boletus Lakei, Gomphidius ore - 
gonensis and the varieties of Inocybe geophylla. Species of Clitocybe appear 
to be equally abundant in the river valleys and along the ridges although 
a different series occurs in each of these habitats. One interesting feature of 
the fruiting pattern in 1941 was the superabundance of agarics in certain 
restricted localities, and the time of maximum fruiting in each locality. At 
the time Cortinarii reached the peak of their fruiting cycle on Mt. Angeles 
and in the Olympic Ilot Springs district, there were very few agarics present 
in the Sol Due River Valley only a few miles to the west. In the region 
around Olympic Hot Springs the most abundant fruiting occurred along 
the ridges and steep mountain slopes just east of the Hot Springs them¬ 
selves. On previous expeditions, agarics were most abundant to the west 
about a half mile or more up Boulder Creek. In the alder and cedar flats in 
the river valleys below 1500 ft. elevation the peak of the fruiting cycle 
preceded that of the upper Canadian and Hudsonian life zones by about 
two weeks. Russula , Cortinarius , Tricholoma, Clitocybe, and Mycena were 
the characteristic genera in the latter regions and Gomphidius , Clitocybe, 
Lepiota , and Rhodophyllns were dominant in the former, although Russula 
and Mycena were also well represented. 

The collecting in the Mt. Baker area of northwestern Washington was 
not as diversified as in the Olympic Peninsula, but this may have been an 
apparent rather than a real difference. Because of previous expeditions into 
the northern Olympics, little time was wasted there searching for favor¬ 
able localities, and it was possible, because of the presence of an adequate 
system of roads, to reach all important habitats by auto and a few hours 
hiking. The opposite was true in the Mt. Baker region. Much more time had 
to be spent on the trail, with the result that survey work progressed slowly 
and a more limited number of habitats could be visited. The almost con¬ 
tinuous rain added materially to the difficulty of collecting at elevations of 
2500 ft. or more, and specimens carried for long distances were often dam¬ 
aged. As a result, relatively few collections were obtained here in compari¬ 
son with the Olympics, but many interesting agarics were found and the col¬ 
lecting could not be classed as poor. Russula was the dominant genus at all 
elevations, and tw T o species of Mycena , M. atroalboides and M. clavicularis, 
were the most abundant agarics. By the time we became established at 
at Sisters, Oregon, the agaric season was fairly w r ell along throughout 
the region west of the Cascades, but was about at its-peak in the open pine 
country on their eastern slopes. Here an as yet undescribed Mycena liter- 
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ally covered the needles under Pinus ponderosa, and both M. elegantula and 
M. laevigata were regularly encountered on larch and pine logs and stumps. 
Species of Clitocybe were also encountered everywhere. In the forests at 
elevations of over 4000 ft. the agarics had already been badly frozen, and no 
study was possible. However, the conifer forests above this elevation in the 
vicinity of McKenzie Pass and Hogg Pass appear to be excellent agaric 
habitats in spite of the thin layer of needles and humus over the lava rock. 

In the following account critical studies are presented for a few of the 
more interesting species collected during 1941 and a few additional agarics 
collected in other regions or at other times have been added. Unless other¬ 
wise stated the collection numbers are the writer’s and the names of the colors 
within quotation marks are taken from R. Ridgway, Color Standards and 
Color Nomenclature, Washington, D. C. The names of colors not within 
quotation marks are used in accordance with the Ridgway system, but w r ere 
not actually matched. This applies in particular to such common terms as 
tawny, ochraceous, avellaneous, and fuscous. The collections have ail 
been deposited in the Herbarium of the University of Michigan. 

THE GENUS AGARICUS 

In a previous paper (Smith 1940) dealing with type specimens of Ameri¬ 
can species of Agaricus, a number of Murrill’s western species were omitted 
because the types had not been located. Since then a number of these have 
been found and studied with the result that certain rearrangements are 
necessary. 

Agaricus Abramsii Murrill, Mycologia 4 : 298. 1912. The type is in 
very ^oor condition, but apparently represents a young specimen of a 
rather robust species. Its spores measure 5-6 x 3-3.5 p and are identical 
with those of the species in the A. silvaticus complex in both size and shape. 
However, most of those found on the type were immature, as was evident 
from their pale color. The above measurements were made on the darkest 
spores present No other distinctive features such as cheilocystidia or clamp 
connections were found. The eccentric stipe as given in the original descrip¬ 
tion was very likely just an accident of growth. This species should be 
excluded from the genus because it is obviously based upon an abnormal 
specimen. 

Agaricus subrufescentoides Murrill, Mycologia 4 : 299.1912. The type 
consists of an excellently preserved specimen. The pileus is covered with fine 
fibrillose scales, there are no remains of a fibrillose sheath below the annulus, 
and the spores measure 5-6.3 x 3.3-3.8 p. The carpophore appears to be 
typical of A . silvaticus in all respects. In my own collections of the latter 
there are some with less and some with more pronounced scales on the pileus. 
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The simple annulus, as described by Murrill, must be disregarded since that 
of the type is typically double. My first impression from reading the de¬ 
scription of A . subrufescentoides was that it might be the same as A. subruti- 
lescens (Kauff.) Hotson and StUntz. However, the color of the pileus and the 
lack of any signs of a fibrillose sheath below the annulus rule out this 
possibilty. 

Agaricus hondensis Murrill, Mycologia 4: 296. 1912. (A. bivelatoides 
Murrill., Mycologia 4: 297. 1912. A. Hillii Murrill Mycologia 4: 298. 1912. 
A. MeMurphyi Murrill, Mvcologia 4: 299. 1912. A. glaber Zeller, Mycologia 
30:469.1938.) 

Photographs of this species were published in a previous paper (Smith 
1940) under the name of A. glaber , and abundant fresh material has been 
studied. The study of the type specimens has been greatly facilitated by the 
information thus gained. The species is not a particularly variable one, but 
does change color markedly from youth to age, and the annulus is variable 
insofar as the scales on the under side are concerned. The spores of A. 
hondensis (type) measure 5.5-6.5 (7) x 3.5-4 (4.5) p. The large spores are 
unusual, the majority measuring 5.5-6 x 3.5 p. The bulbous stipe and the 
double edged annulus are typical of the A. silvaticus complex. The pileus 
although now slightly moldy, apparently was smooth when fresh. • 

The type of A. bivelatoides has spores 5-6 x 3-3.5 p. The annulus has the 
typical double edge of the A. silvaticus series of species even though it was 
described as simple by Murrill. The pilei are identical in color and surface 
characters with young pilei of my own collections identified as A. glaber. 

In the type of A. Hillii part of the stipe is missing. However, the fungus 
clearly belongs in the same group as A. silvaticus and lacks any characters 
by which to distinguish it from A. hondensis. Its spores measure 5-5.5 x 3- 
3.5 p, and the pileus is typical of a mature A. hondensis. Here again the 
“simple” annulus as described is best disregarded. Murrill did not see 
fresh material. 

A. MeMurphyi was also described from dried material. The type is a 
fine, large, mature and hence dark-colored specimen. The spores, double- 
edged annulus and bulbous stipe are all characteristic. The stipe was appar¬ 
ently about 2 cm. in diameter. The spores are 5-6 x 3-3.5 p. There are no 
characters by which to distinguish it from A. hondensis. 

Material of A. glaber from Zeller has also been examined. His specimens 
were collected by Dr. Burlingham under live oaks at Pacific Grove, California, 
and his description is the first, incidentally, to correctly characterize the 
annulus. All of these species have very scattered to clustered saccate cheilo- 
cystidia that are often difficult to locate because of their sporadic occurrence 
and because they frequently do not project beyond the basidia. 
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Aoaricus flavitingens Murrill, Mycologia 4 : 298.1919. Pileus 4-10 cm. 
broad, broadly convex or with a flattened apex when young, expanding to 
nearly plane or plane with a decurved margin, nearly always having a broad 
flat disc in age, surface dry, shaggy-fibrillose over all except the disc and 
there merely matted-fibrillose, fibrils “chamois” (pale yellow) or a sordid 
yellow, “clay-color” (sordid yellowish brown) over the center, toward the 
margin the fibrils becoming arranged into appressed or slightly recurved 
sordid yellowish scales, white flesh showing between the scales, in age some¬ 
times glabrescent (particularly after heavy rains) and then the entire 
surface more or less sordid pinkish; flesh white but quickly changing to 
“vinaceous pink” when cut or bruised, odor none, taste slightly nutty; 
lamellae “vinaceous pink” at first, becoming “Japan-rose” and finally 
dark sordid purplish brown, close but not crowded, almost reaching the 
stipe, broadest near the margin of the cap (5-7 mm.) and hence rather 
narrow, edges even but flocculose under a lens from cheilocystidia; stipe 
4-7 cm. long, 8-12 mm. thick at apex, stuffed with a silky pith, becoming 
hollow, base enlarged somewhat or clavate and up to 2 cm. thick, densely 
white-fibrillose below the superior ring, often with fibrillose zones or patches, 
glabrescent, glabrous and silky above the ring, becoming sordid pink over all 
in age; annulus thin, submembranous to almost fibrillose, with incon¬ 
spicuous yellow patches on under side in some (appearing single in many 
with the under side merely coarsely fibrillose with white or yellowish fibrils), 
glabrous and pallid on upper surface. 

Spores 4-5 x 3.5-4 jj, subglobose to ellipsoid, dark fuscous in mass and 
under the microscope; cheilocystidia abundant, cylindric to saccate, 18-32 
x 9-15 p, thin-walled and readily collapsing. 

Gregarious to subcespitose on sandy rocky soil under maple, alder, west¬ 
ern red cedar and Douglas fir, Baker Lake, Wash., Sept. 5, 1941, E. B. Mains 
& A. H. Smith 16244. 

Observations: The type of A. flavitingens could not be located but a 
water-color painting was found. It shows a fungus essentially like the above 
material. The yellow, fibrillose scales of the pileus and the darker brown 
disc, stature, and small spores appear to be distinctive of Murrill’s species. 
Murrill described the gill color as avellaneous to umbrinous, the stipe as 
ochraceous tinted over the lower portion, and made no mention of a color 
change when the flesh was bruised. Although he described A. flavitingens as 
gregarious, his description reads as though he had drawn it from a single 
carpophore, and so it is very probable that no idea of the variation of the 
species is contained in his description. The discrepancies pointed out above 
should receive some consideration. The change in color when bruised, the 
difference in the color of the gills of young specimens, and lack of yellow 
tints in the stipe in age if clearly established might be significant. However, 
in this instance, when the inaccuracies of Murrill’s descriptions are con¬ 
sidered on the one hand, and on the other the variation established for some 
species of Agaricus such as A. placomyces , it appears best to disregard them 
at least for th 4 time being. A. flavitingens appears to be closely related to A . 
Kauffmani but differs in Tiaving a fibrillose sheath below the annulus. Since 
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this becomes worn away in age, Murrill’s description of the stipe as smooth 
is not a serious discrepancy in view of the fact that he probably based his 
description on an old specimen. In drying, the stipes of the Baker Lake 
collection became yellowish. Consequently this change could also be expected 
on old individuals which were still in the fresh condition. 

THE GENUS COLLYBIA 

Two previously undescribed species are included here as well as critical 
accounts of two that needed clarification as far as our North American 
flora is concerned. No attempt has been made to treat the gray, more or less 
hygrophanous species now placed in the genus Lyophyllum, although several 
in this group are very abundant in the western United States. 

Collybia bakerensis A. H. Smith, sp. nov. Pileus convexus, glaber, pal- 
Jidus vel incarnato-tinctus; lamellae angustae, confertae, breve decurrentes, 
albidae, saepe vinaceo-tinetae, demum flavo-maculatae; stipes crassus, 
aequalis, cavils, sursuin albidus, deorsum subvinaceus, fibrillosus dein glaber; 
sporac 4.5-5.5 x 3-3.5 p. 

Pileus 2-4 cm. broad, broadly convex to obtuse when young, the margin 
curved in against the gills at first, expanded in age and then with or without 
a low umbo, in some the disc plane and the margin elevated, surface glabrous 
and moist, appearing appressed fibrillose under a lens in faded* condition, 
sordid watery white when moist and some with a faint flush of incarnate, 
subshining when faded, opaque at all times; flesh 3-4 mm. thick over the 
disc and tapering gradually to the margin, watery white, odor and taste mild; 
lamellae very narrow (1-1.5 mm.), very crowded (58-65 reach the stipe, 
4-5 tiers of lamellulae), short-decurrent to broadly adnate, white or with 
a faint vinaceous flush, occasionally stained sordid yellowish where bruised, 
edges slightly eroded; stipe short and curved, 1-3 (4) cm. long, (2) 3-5 mm. 
thick, equal or slightly enlarged at the base, hollow, very pliant, white above, 
sordid pale vinaceous brown near the base, at first covered by a thin coating 
of white appressed fibrils, glabrescent, inserted onto the substratum. 

Spores 4.5-5.5 x 3-3.5 p, hyaline, smooth, broadly ellipsoid, not amyloid; 
basidia four-spored, 18-22 x 6-7 p; pleurocvstidia not differentiated; eheilo- 
cystidia fasciculate to scattered, 24-36 x 6-10 p, clavate, saccate or sub- 
cyliiulric, thin-walled and somewhat contorted or branched in age, hyaline 
and readily collapsing; gill trama subparallel, the subhymenium thin and 
ramose; pileus trama homogeneous, the surface hvphae more or less radially 
arranged and more compact than in the remainder, clamp connections abun¬ 
dant. 

Singly on a conifer log, Anderson Creek, Baker National Forest, Wash., 
Aug. 19, 1941 {A. II. Smith 16278 , type). 

Observations: When more is known of this species it may be found to be 
referable to Collybia xylophila as a variety. However it appears to differ 
markedly in both habitat and stature. Taken together these differences ap¬ 
pear to be significant, and in view of the lack of information on the micro¬ 
scopic characters of C. xyloph ila it appears best to name the Anderson Creek 
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collection; The broad cheilocystidia and yellowish stains on the gills indicate 
that the collection is not just a depauperate form of C. maculata even though 
it k obviously closely related. 

Collybia subsulcatipes A. H. Smith, sp. nov. Pileus subconicus demum 
planus, umbrino-vinaceus demum pallide vinaceus; odor aromaticus, 
graveolens; sapor mitis; lamellae confertae vel subdistantes (46-54 adnatae), 
latae, pallide griseo-vinaceae, crassiusculae; stipes crassus, deorsum at- 
tenuatus, radicatus, sursum pallide vinaceus, deorsum umbrino-vinaceus; 
sporae globosae, 5-5.5 x 4.5-5 p. 

Pileus 5.5^8 cm. broad, obtuse with an inrolled margin, becoming gib¬ 
bous or plane, in age the margin recurved or elevated and frequently split¬ 
ting, surface moist and polished, margin transluscent striate, hygrophanous 
and opaque when faded, when young “army-brown ’ 9 to “vinaceous fawn” 
over all, disc becoming “russet-vinaceous” and margin “deep brownish 
vinaceous” (dark to pale vinaceous brown), fading to a “pale vinaceous 
buff” (pallid vinaceous); flesh thin (2-3 mm.), equal, firm and cartilaginous, 
concolorous with surface of pileus, odor faint but heavy and aromatic (some¬ 
what like that of benzaldehyde) very distinctive; taste mild; lamellae close 
to nearly subdistant, 46-54 reach the stipe, 1-3 tiers of lamellulae, the lamel- 
lulae quite irregular in arrangement, broad (1 cm. :±), becoming slightly 
ventricose, depressed adnate to nearly free, color “pale grayish vinaceous” 
becoming “light russet-vinaceous” (gray with a tinge of vinaceous when 
young, becoming distinctly dull vinaceous in age), faces glaucous, edges 
thickish and even; stipe 6-10 (15) cm. long, 10-16 mm. thick at apex, 
tapered downward to a long pseudorhiza, solid and fibrous within, apex 
more or less concolorous with the pileus, becoming very dark sordid vinaceous 
brown from the base upward in age, surface pruinose but soon polished, 
smooth or longitudinally grooved to subsulcate. 

Spores globose to subglobose, hyaline, 5-5.5 x 4.5-5 p, smooth, not amy¬ 
loid; basidia four-spored, 28-34 x 4.5-6 p long, slender and subclavate, 
pletyfo- and cheilocystidia not differentiated, gill trama parallel to sub¬ 
parallel, the hyphae more or less cylindrie; pileus trama with a thin pellicle 
of radially arranged subgelationous hyphae 3-4 p in dia., remainder floc- 
cose, the hyphae 5-15 p in dia. 

Gregarious on humus, Storm King Mt., Olympic National Park, Wash., 
Oct. 5, 1941 ( Helen V . & A. H. Smith 17566, type) ; same localitv again 
on Oct. 16 {17962). 

Observations: This species is closely related to Collybia fusipes but dis¬ 
tinct because of its globose spores, odor, and vinaceous gills. C. fusipes has 
slender cheilocystidia in contrast to the absence of cheilocystidia in C. sub - 
sulcatipes, but ho great amount of emphasis should be placed on this dif¬ 
ference until old material of the latter can be examined. In species with 
filamentous cheilocystidia, these organs are sometimes slow in elongating. 
Excellent dried specimens of C. fusipes from Marcel Josserand, Lyon, 
Prance, have beto compared. The most obvious difference macroscopically is 
in the color of the lamellae and their spacing. In C. subsulcatipes they are 
closer and more vinaceous. C. lancipes Fr. sensu Rea appears, from the 
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description, to be quite similar. It has pale flesh-color and rather thick gills 
as well as practically the same type of stipe. However, its spores are described 
as 6 x 4 n, no mention is made of a peculiar odor, and the color of the pileus 
is given as pale reddish brown. C. oregonensis has a similar odor but is 
readily distinguished by its ellipsoid spores, the color of the gills and stipe, 
and in general appearance. C. oregonensis is closely related to C. maculata. 
C . collybiiformis (Murrill) Singer has some of the characters of C. subsul- 
catipes but no mention is made of a peculiar odor and the stipe and gills are 
described as white. 

Collybia cylindrospora Kauff. Pap. Mich. Acad. 5: 126. 1926. Pileus 
3-7 cm. broad, plane with a recurved and wavy striatulate margin, often, 
lobed in age, surface glabrous and moist, ‘ * clay-color’’ to “pinkish buff,” 
fading as if hygrophanous after heavy rain, becoming pallid to nearly “pale 
ochraceous buff” (yellowish) and retaining this color when dried or else 
becoming tinged alutaceous, unpolished when faded or dried; flesh thin, 
pliant, reviving somewhat (1.5-2 mm. thick), equal, concolorous with the sur¬ 
face, odor and taste not distinctive; lamellae subdistant, 28-30 reach the 
stipe, 3-4 tiers of lamellulae (outer two tiers very short), moderately broad 
(5 mm. zb near the stipe and narrowed toward the cap-margin), bluntly 
adnate or decurrent by a tooth, seceding, “tilleul-buff ” (pallid) when young 
and old, drying concolorous with the pileus or slightly paler, occasionally 
stained with rusty brown spots, edges even but wavy; stipe 5-7 cm. long, 
3-7 mm. thick at the apex, hollow, terete or compressed, very tough and 
pliant, velvety to unpolished and distinctly longitudinally grooved, dark 
brownish moist but fading like the pileus and nearly concolorous with it 
when dried, base strigose and with numerous white rhizomorphs. 

Spores 5-6 x 2.5 g, narrowly ellipsoid, smooth, not amyloid; basidia four- 
spored, 20-24 x 3.5-5 g, subclavate; pleuroevstidia not differentiated; cheilo- 
cystidia scattered to rare, filamentose, 18-30 x 2.5-3 |j, flexuous; gill trama 
interwoven, nearly hyaline in iodine (basidia brownish), subhvmenium thin; 
pileus trama homogeneous, the surface hvphae compactly interwoven and 
slightly narrow' than the remainder. 

Gregarious to scattered under alder. Park Creek, Mt. Baker, Wash., Sept. 
10, 1941 {16811) ; Baker Lake, Wash., Sept. 13 {16936) ; Chimaeum, Wash. 
(Olympic Peninsula), Oct. 13, 1941 {17856). 

Observations: C. cylindrospora is closely related to C. confluens and C . 
hariolornm, but is readity distinguished by its sulcate striate or channeled 
stipe and broad subdistant gills. Among Kauffman’s collections two of this 
species were found. One, the type, and a second identified as C. prolixa 
Fr.—Ricken. Apparently this second collection is the basis for Kauffman’s 
report of C. prolixa from Mt. Hood. The only other collection of C. prolixa 
located was an earlier collection which he made at Lake Cushman, Wash¬ 
ington, in 1915. This one is much closer to the European concept and 
is the same species Murrill described as C. badiialba . For an account of the 
latter see Smith (1941). Regardless of whether or not C. prolixa and C . 
badiialba are synonymous, the report of the former from Mt. Hood cannot 
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be recognized. Although Kauffman compared his new species with C . fusipes, 
C. lancipes, and C. distorta, actually there is little or no resemblance to 
them. C . cylindrospora is a Marasmius-like fungus with the relationships 
pointed out above. An examination of Kauffman's type shows that the stipes 
were unpolished to velvety or at the most glabrous above only. The spacing 
of the gills appears to be variable, but in all the dried material studied 
they were most accurately characterized as subdistant. My description was 
drawn from the material cited above, and is given to supplement that of 
Kauffman. 

The dominant color of the pileus is whitish-alutaceous to yellowish and 
when properly dried whitish buff with an unpolished appearance. Young 
or water-soaked specimens have the dark colors given in the description. 
In general the colors appear to be similar to and to vary much the same as 
those of Marasmius oreades (whitish to rather dark alutaceous), and do not 
appear taxonomically significant within these limits. The broad subdistant 
gills and the channelled velvety to unpolished dark colored stipe are the 
important characters aside from the spores. 

More than likely C. cylindrospora is a synonym of Collybia laxipes (Fr.) 
Quel., but more information on the microscopic characters of the latter is 
needed to be certain. Rea (1922) gives the spores of the latter as 5-6 x 3 p 
and elliptical. This may indicate a difference in shape. Rea's description of 
C. laxipes covers the diagnostic features of C. cylindrospora remarkably well, 
and his account is closely in line with the Friesian concept, Quelet’s (1873) 
illustration, however, depicts ver} r small atypical individuals if they are to be 
judged on the basis of the descriptions of most authors and the Washington 
and Oregon collections here placed in C. cylindrospora . 

Collybia extuberans (Fries) Quelet, Champ. Jura & Vosges, 97. 1872. 
Pileus 2-5 cm. broad, conic with an inrolled margin when young, becoming 
broadly conic-campanulate or plane with a low or prominent conic umbo, 
glabrous, surface viscid when wet but soon dry and very finely radially 
wrinkled, the margin very thin and soon recurved, sometimes becoming 
faintly translucent-striatulate, color 4 f bone-brown" (very dark brown with 
a tinge of red) over all when young, gradually becoming a dull shade of 
“pecan-brown" or a paler vinaceous brown (but not as red as in C. badi- 
ialba ); flesh thin, pliant and moderately tough, very sordid reddish brown 
near the pellicle, paler below, gradually becoming pallid throughout, odor 
none, taste mild; lamellae close to crowded, 48-56 reach the stipe, 2-3 tiers 
of lamellulae, distinct, sinuate and attached only by a tooth, narrow to 
moderately broad (3-5 mm.) equal or narrowed from the stipe to the margin 
of the cap, “pale pinkish buff" or with a more vinaceous cast (pallid buff 
to pinkish buff), becoming spotted with very sordid brownish spots, edges 
only slightly eroded; stipe 4-7 cm. long, 3-6 mm. thick above, more or less 
tapered at the base to a pseudorhiza-like prolongation which ends in one or 
more rhizomorphs, longitudinally striate, glabrous, pallid (concolorous with 
young gills) above, becoming sordid brownish progressively downward (base 
almost concolorous with the pileus in age). 
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Spores hyaline, 4.5-6 x 3-3.5 u, narrowly ellipsoid, smooth, not or only 
very weakly amyloid (reaction not conclusive); basidia four-spored, 18-26 
x 5-6.5 p, clavate; pleurocystidia and cheilocystidia not differentiated; gill 
trama of more or less parallel cylindric hyphae 8-15 p in dia., subhymenium 
very thin and ramose; pileus trama with a pellicle of radially arranged 
smooth-w r alled hyphae 3-4 p in dia., the layer 2-3 hyphae thick, beneath this 
a layer of interwoven subgelatinous hyphae with clamp connections, the 
hyphae 3-5 p in dia. and the layer 15-30 p thick, the remainder of the flesh 
floecose, the hyphae 5-15 p in dia., the pigment dissolved in the cell sap and 
most abundant just below the subgelatinous layer. 

Cespitose to gregarious on rotten conifer logs, Lake* Angeles, Olympic 
Mts., Wash., Sept. 19,1941 (16967 ); Mt. Angeles, Sept. 28 (17368 ); Olympic 
Hot Springs, Olympic National Park, Oct. 11, 1941 (17800). 

Observations: This species is closely related to Collybia badiialba Murrill, 
but differs distinctly in the shape of its spores, in the organization of the pel¬ 
licle of the pileus, and in the duller colors as well as in the less crowded gills 
and radicating stipe. It is also more inclined to be cespitose, but this appears 
to be a variable character. C. extuberans belongs to the sajne series of species 
as C. fusijjcs. It apparently differs from the latter in habitat, close, narrower 
lamellae and more than likely in the organization of the pileus. Cooke’s illus¬ 
tration cited for C. extuberans by Rea does not depict the species satisfac¬ 
torily. The stipe, as shown by Cooke, does not taper to rootlike projection 
and the umbonate character of the pileus is not sufficiently emphasized. 
Rea’s description, however, appears to apply very well and that of Ricken 
is about equally good. Neither mention the reddish stains which develop on 
the gills. However, this character appears to be common to most of the 
radicating Collybiae of this series so I would hesitate to use its presence here 
as a character of any significance, particularly when C . extuberans is not too 
well known. 

THE GENUS CUTOCYBE 

Although one of the more uninteresting genera of the agarics, the spe¬ 
cies of Clitocybe , both by the abundance of fruiting bodies produced and the 
large number of species present in our flora, make continued demands on 
the time of the agaric specialist. They are a rather difficult group because 
of the general lack of distinctive microscopic characters and intergradation 
of the macroscopic characters by which species are usually'distinguished. In 
the following account 1 have brought together the information accumulated 
on the more unusual species of this genus during the past eight years. Seven 
species are described as new and accounts of two others which were incom¬ 
pletely or erroneously described are included. 

Clitocybe flavissima A. H. Smith, sp. nov. Pileus convexus demum late 
convexus, siccus, fibrillosus, laete luteus; sapor subpiperatus; lamellae sub- 
distantes, latae, late adnatae, laete luteae; stipes aequalis, luteus, fibrillosus; 
sporae globosae vel subglobosae, 7-9 p; cheilocystidia 40-200 x 3-5 p; ad 
truncos coniferarum, solitarius vel caespitosus. 
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Pileus 3-5 cm. broad, convex, becoming broadly convex, surface dry and 
innately fibrillose or moist beneath the fibrils, either remaining fibrillose or 
becoming more or less scaly around the disc, the fibrils near the margin some¬ 
times arranged into fascicles and the margin usually fimbriate when young, 
evenly yellow over all (“mustard-yellow”) or the disc darker and near 
“antimony-yellow”; flesh thin but nearly equal (1.5-2 mm.), pliant, dull 
yellow, odor faintly fragrant, taste slightly peppery; lamellae nearly sub- 
distant, 24-30 reach the stipe, 2 tiers of lamellulae, moderately broad (5 
mm. db), bluntly adnate but becoming more or less decurrent, bright yellow 
(“primuline-yellow”) becoming “light orange-yellow,” edges a brighter 
yellow than the faces and appearing gelatinous under a lens; stipe 2-5 cm. 
long, 3-6 mm. thick, equal, hollow, fleshy, concolorous with the pileus in age, 
pallid when young from the thin pale yellowish partial veil, in age appressed 
fibrillose to the apex. 

Spores globose to subglobose, 7-9 p, smooth, not amyloid; basidia four- 
spored; pleurocystidia none, cheilocystidia very abundant, 40-200 x 3-5 |j, 
septate, filamentose, subgelatinous, yellowish to hyaline when fresh, the pig¬ 
ment intracellular; gill trama homogeneous, the cuticle of radially arranged 
hyphae with thickened walls and abundant clamp connections. 

Scattered to subcespitose on dead conifer stubs, Ermine Creek, Baker 
National Forest, Wash., Sept. 11, 1941 (16837, 16928) ; Mt. Angeles. Olym¬ 
pic Mountains, Wash., Sept. 21,1941 (17084, type). 

Observations: C. flavissima is very closely related to C. decora but is 
readily distinguished by its globose spores, long filamentose cheilocystidia 
and lack of brownish scales on the pileus. These two, Tricholoma rutilans , T. 
flavescens and Pleurotus sulfureoides form a very natural group or stirps 
and make up the nucleus of the genus Tricholomopsis Singer. In a recent 
article Singer (1942) added Tricholoma radicatum Pk. and T. secedifolia 
Murrill to Tricholomopsis . Gollybia platyphylla was previously placed here. 
I haV<* not studied the types of T. flavescens, P. sulfureoides , or Clitocybe 
sulphurea Pk., but from other material believe that all are identical. The long 
filamentose subgelatinous cheilocystidia readily distinguish C. flavissima 
from all the species of the Tricholomospsis series. 

Clitocybe glutiniceps A. H. Smith, sp. nov. Pileus late convexus demum 
planus (non depressus), viscidus, glaber, striatus, sordide cremeus; lamellae 
confertae, latae, arcuatae vel brevissime decurrentes, pallide sordido- 
cremeae; stipes elasticus, canescens, pallidus; sporae 4.5-5 x 3-3.5 p. 

Pileus 2.5-4 (6) cm. broad, broadly convex with an inrolled margin when 
young, becoming nearly plane (the disc not depressed), surface glabrous 
and viscid to the touch, the pellicle somewhat separable, translucent striate 
on the margin, color evenly pale dirty cream color or in age the disc tinged 
sordid brown; flesh thin, pliant, concolorous with surface, odor none, taste 
mild, no color change when bruised or cut; lamellae moderately close, 28-33 
reach the stipe, 2 tiers of lamellulae, broadest (2-3 mm.) at attachment, 
arcuate-adnate to short decurrent, seceding, pale sordid cream color (paler 
than the pileufc), edges even; stipe short, 3-4 cm. long, 4-6 mm. thick at the 
apex, hollow, rather tough and pliant, whitish from a coating of appressed 
fibrils which extends to the apex, base sparsely white strigose. 
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Spores 4.5-5 x 3-3.5 p, ellipsoid, smooth, not or only very weakly amyloid 
(reaction doubtful); basidia four-spored; pleuroeystidia and cheilocystidia 
not differentiated; gill trama of narrow interwoven non-amyloid hyphae, 
subhymenium subgelatinous (in KOH) when revived; pileus trama floccose 
beneath a somewhat gelatinous pellicle of interwoven hyphae 2-4 p in dia., 
hyphae of the flesh 6-15 p in dia. 

Gregarious under conifers, Olympic Hot Springs, Olympic Mountains, 
Wash., Oct. 2, 1941 (17524, type). 

Observations: Although this collection was made under very adverse 
weather conditions, the carpophores were in good condition and the viscidity 
of the pileus cannot be disregarded. The pellicle is made up of very narrow 
hyphae in contrast to those forming the flesh, and exhibits the characters of 
a truly viscid layer rather than the false viscidity often encountered on 
various species such as Inocybe geophylla in this region. 

Because of the somewhat cartilaginous character of the stipe some might 
be inclined to place the species in Omphalia . It is described in Clitocybe be¬ 
cause of its relationship to C . brumalis. Lange’s (1935) concept of the latter 
is very close, but there appears to be a distinct difference in shape of the 
pileus and the nature of its surface. C. obsoleta is also close but apparently 
differs in having an anise-like odor, in not possessing a viscid pellicle and in 
the margin of the pileus not being translucent-striate. Lange gives the spores 
of the latter as 6 x 3-3.5 p, Rea as 7 x 4-5 p, and Ricken as 6-7 x 3-4 g. These 
measurements are consistently longer than those of C. glntiniceps, and indi¬ 
cate an appreciable difference in shape, i.e., ellipsoid contrasted to sub- 
globose. 

Clitocybe gomphidioides A. II. Smith, sp. nov. Pileus convexus mox 
subplanus vel subdepressus, viseidus, glaber, vel minute areolatus, subfer- 
ruginus; sapor valde farinaceus; lamellae subdistantes vel confertae, crassae, 
venosae, pallidae mox sordide avellaneae; stipes solidus, pallidus vel sordide 
avellanoous; sporae (7) 8-10 (ll)x4-5.5g. 

Pileus (3) 5-9 cm. broad, at first plane with an inrolled margin or 
very slightly arched, expanding to very broadly convex with a depressed disc 
or plane, in age the margin often elevated and disc broadly depressed, not 
truly infundibuliform, surface viscid, glabrous or with minute areolate or 
spotlike scales over the central portion, margin minutely tomentose, color 
“Mikado brown” on the disc but “orange-cinnamon,” ‘ i pinkish cinnamon” 
or “light pinkish cinnamon” toward the margin (color reddish cinnamon 
on disc, paler cinnamon to ferruginous-cinnamon toward the margin), in 
age fading to “sayal brown” on disc, (duller and more yellowish cinnamon), 
the margin remaining “pinkish cinnamon,” sometimes dull tan with scarcely 
a trace of red in age, regaining the reddish cinnamon colors when dried; 
flesh thick and tapered abruptly to the margin, pale “vinaceous buff” and 
watery punctate, odor and taste very strongly rancid-farinaceous; lamellae 
subdistant to close, 50-58 reach the stipe, 2 tiers lamellulae, many forked 
either near the stipe or part way to margin, narrow to moderately broad 
(3-5-8 mm.), tapered each way, short decurrent, often thickish, intervenose 
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or wrinkled* near “light pinkish cinnamon” young, “avellaneous” to “wood 
brown” in age (dark avellaneous); stipe 3-7 cm. long, 9-15 mm. thick, 
solid, “pale vinaceous buff” within or darker in the base, surface paler than 
the gills and with a thin coating of pallid appressed fibrils, glabrescent and 
darker in age, when dry more or less concolorous with the pileus. 

Spores (7)' 8-10 (11) x 4r-4.5 p, narrowly ellipsoid to subfusoid, not 
amyloid, smooth, white in mass; basidia four-spored; pleurocystidia and 
cheilocystidia not differentiated; gill trama not amyloid; pileus trama with 
the pellicle made up of an interwoven mass of narrow hyphae with subgela- 
tinous walls, the hyphae 3-5 p in dia. and not appreciably thinner than those 
of the flesh, clamp connections abundant. 

Gregarious under Devil’s club on wet soil, Olympic Hot Springs, Olympic 
National Park, Washington, Oct. 2 (17504) and Oct. 10,1941 (17682, type), 
also at Lake Mills near Wolf Creek, Oct. 12, 1941. 

Observations: The outstanding characters of this species are the reddish 
cinnamon color, viscid cap, gills which change color in aging, long rather 
narrow smooth spores and very pronounced odor and taste. Clitocybe incilis 
and C. opiaria appear to be the most closely related species. The former is 
not described as viscid and is generally said to lack a farinaceous odor 
and taste. The illustration by Nuesch (1931) is very suggestive of C . 
gomphidioides, however. Since Fries placed C. incilis next to C. sinopicus 
and described the pileus as “non udus” it hardly appears justifiable to place 
a viscid species under the Friesian name. C. opiaria also differs in not having 
a viscid pileus, and its gills are not described as becoming dark avellaneous. 
The odor and taste are also different according to descriptions. 

In the Olympics, where various species of Gomphidius are very abundant, 
one could easily pass by this Clitocybe thinking it was just an abnormal 
growth of a reddish Gomphidius. The thick, veined, forked, dark-colored gills 
at maturity, the stature of the carpophore, and the color of the pileus all 
contribute to this impression. The spores also remind one of the spores of a 
Gomphidius because of their subfusoid shape. However, they are white in 
mass and since other members of Clitocybe have similarly shaped spores, the 
resemblance does not appear significant. 

Clitocybe michiganensis A. H. Smith, sp. nov. Pileus late convexus vel 
subplanus, cinereo-canescens demum politus, hygrophanus, olivaceo-fuligin- 
eus mox paliidus; lamellae confertae, adnatae vel subdecurrentes, olivaceo- 
fuligineae; stipes aequalis, cavus, cinereo-canescens demum glaber et fuli- 
gineus; sporae 4-4.5 x 2.5 (j. 

Pileus 1-2.5 cm. broad, very broadly convex to nearly plane and with 
an inrolled margin at first, becoming broadly convex to plane in age, surface 
appearing dry at first from a hoary-canescent thin coating of fine gray fibrils, 
glabrescent and then moist and polished, when covered with fibrils appearing 
pale glaucous gray, when pblished evenly “hair-brown” to “drab” (nearly 
putty color)^ hygrophanous and fading to pale gray or whitish, usually fad¬ 
ing on disc first; flesh thin, equal, concolor with surface, watery, taste strongly 
rancid-farinaceous, odor faintly so; lamellae close to almost crowded, 30-40 
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reach the stipe, 2 tiers of Jamellulae, adnate at first, short-decurrent at 
maturity, narrow, nearly equal, “drab” or with an olivaceous tinge when 
young, sometimes paler and more sordid in age; stipe 2-3 end. long, 2.5-5 mm, 
thick equal or slightly enlarged below, hollow, grayish within, surface 
covered like the pileus with a thin coating of glaucous fibrils, glabrescent 
and then concolorous with the naked cap. 

Spores 4-4.5 x 2.5 p, narrowly ellipsoid, not amyloid, smooth, basidia 
four-spored; pleuro- and cheilocystidia not differentiated; gill trama not 
amyloid, of moderately broad hyphae; pileus trama homogeneous, not 
amyloid, clamp connections present. 

Scattered or solitary on debris in oak woods, Oct. 30, 1940, Ann Arbor, 
Mich. (15505, type). 

Observations: When the caneseent fibrillose covering of the cap and stipe 
have been worn away, this species is similar in color to C . ditopoda. It differs 
from the latter in its narrowly ellipsoid spores, pronounced caneseent fibril¬ 
lose coating over pileus and stipe when young, strongly rancid-farinaceous 
taste, and the much smaller size. In addition, C. michiganensis appears to 
fruit in a solitary or widely scattered manner rather than being densely 
gregarious as in C. ditopoda . C . mortuosa sensu Rieken differs in having 
paler gills and a glabrous pileus. C. vileseens Pk. is almost identical in ap¬ 
pearance with C. michiganensis but can be distinguished by its taste and 
microscopically by its spores. 

During the season 1937 C. vileseens was collected in a pasture in southern 
Oregon. The specimens were fruiting on the accumulated debris around an 
old oak stub, Kirby, Oregon, Nov. 26, 1937 (9092). The spores measure 
5-6 x 4-4.5 p, are smooth, broadly ellipsoid to subglobose, and not amyloid. 
The basidia are four-spored, no cystidia are differentiated, the gill trama is 
composed of narrow hyphae, and the pileus trama has a cuticle of interwoven 
hyphae 2-4 p thick, the hyphae of the trama itself are 5-10 p thick. Clamp 
connections are present. The macroscopic characters are as Kauffman (1918) 
gave them except that the margin of the pileus may be faintly striatulate in 
age when wet, and the gills may be rather dark cinereous. 

Clitocybe piperata A. H. Smith, sp. nov. Pileus convexus vel late con- 
vbxus, pruinosus et pallidus, mox politus et alutaceus; sapor valde acris; 
lamellae confertae vel subdistantes, adnatae vel subdeeurrentes, angustae, 
pallidae demurn olivaceo-cinereae; stipes clavatus, solidus, impolitus, sursum 
pruinosus, pallidus; sporae 4-5.5 (6) x 2-2.5 p. 

Pileus 6-12 cm. broad, convex to obtuse and with an inrolled margin 
when young, in age broadly convex to plane or the margin wavy and up¬ 
lifted slightly, regular or occasionally either sinuate or lobed, surface at 
first moist beneath a hoary pruinose covering caused by fine projecting 
microscopic hairs 20-42 x 3-4 p, becoming glabrous and occasionally with 
watery spots around the disc, opaque, color pallid at first (“tilleul-buff”), 
or very pale avellaneous with a chalky white sheen, gradually becoming dull 
yellowish brown (“clay-color”) when still moist, fading as if hygrophanous 
(in old caps) to “light buff” (dull yellowish), when dried varying between 
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pale buff and alutaceous; flesh thick (about 1 cm. on the disc), tapering 
eveiily to the margin, pallid to pale buff, somewhat punky in texture, odor 
faintly fragrant in young caps, becoming somewhat disagreeable at maturity, 
taste very sharply acrid (as in Russula emetica) and sometimes with a bitter 
after taste, no color change when cut or bruised. Lamellae nearly crowded 
in small caps, almost subdistant in large ones, rounded or bluntly adnate 
and becoming sinuate with a short decurrent tooth or becoming merely 
short*deeurrent, narrow to moderately broad (5 mm. =t), “tilleul-buff” 
(pallid) at first, gradually becoming darker, pale olive-buff to subavellaneous 
(“olive-buff’* to “pale olive-buff”) or in age fairly dark avellaneous, “pink¬ 
ish buff” (yellowish) in dried specimens, edges even to eroded and thickish in 
some specimens; stipe 4-9 cm. long, 1-2 cm. thick at the apex, clavate, 2-3 
cm. at base, solid, usually somewhat pointed below the enlarged portion, 
rather tough to punky and firm in texture, pallid to pale buff within, surface 
unpolished at first, more or less pruinose toward the apex, base slightly cot¬ 
tony and with a few rhizomorphs, glabrous but somewhat scaly in age from 
the torn cuticle. 

Spores 4-5.5 (6) x 2-2.5 p, subcylindric to subfusiform, smooth, (a few 
appearing very slightly wrinkled under an oil immersion lens), not amyloid; 
basidia four-spored; pleuro- and cheilocystidia not differentiated; gill 
trama subparallel, the hyphae with long and moderately wide (5-8 p) cells, 
not amyloid; pileus trama floccose beneath a thick cuticle of compactly inter¬ 
woven hyphae 4-8 p in dia. which give rise to numerous projecting hairs 
3-4 p thick, not amyloid and the walls not truly gelatinous in KOH, clamp 
connections rare. 

Gregarious around or on old stumps and logs in low hardwood forests, 
Pontiac, Mich., Aug. 24, 1937 {7212) ; Kent Lake, Oakland County, Mich., 
Sept. 24, 1940 {15462, type) ; same locality, July 31, 1942 {18540) ; Dexter, 
Mich., Aug. 14, 1942 {18671) and Aug. 17 {18735). 

Observations: The outstanding features of this species are the small nar¬ 
row spores, acrid taste, olive-buff gills in age, and the progressive color 
change of the pileus as it matures. C. piperata appears to be related to C. 
innornata by its gill characters (both attachment and color), its spores, and 
by the broadly convex to plane pileus. The spores vary in shape from almost 
truly cylindric to somewhat sway-backed or ventricose and hence are sub- 
fusoid. Such small narrow spores as this are known for several different 
species in Tricholoma and Clitocybe , but in no species of either genus have 
I found the combination of characters listed above. 

Clitocybe sublutea A. H. Smith, sp. nov. Pileus convexus dein late 
depressus, glaber subviscidus, striatus, hygrophanus, pallide luteo-alutaceus 
demum pallidus; lamellae subdistantes, decurrentes, latae, pallide sul- 
phureae; stipes aequalis, glaber, sursum pallide sulphureus, deorsum sub- 
alutaceussporae 4.5-S.5 x 3.5 p. 

Pileus 2.5-5 cm. broad, Jbroadly convex with an incurved margin w T hen 
young, in ag$ the margin uplifted and the disc broadly depressed, glabrous 
and slightly viscid when^moist, margin translucent-striate, color “cartridge- 
buff” over all when young (very pale yellowish), in age darker on the disc 
and near “pinkish buff” (buff), hygrophanous, pallid when faded; flesh 
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thick on the disc (4-6 mm. near the stipe), tapering rapidly to margin, con- 
colorous with cap in either moist or faded condition, not changing when 
bruised, odor and taste not distinctive; lamellae subdistant, 2-4 tiers of 
lamellulae, long- and unequally-decurrent, broad (5-7 mm.), tapered each 
way, color “ivory yellow” (pale yellow) both in young and old specimens, 
not changing when bruised, edges wavy; stipe 5-7 cm. long, 4-7 mm. thick, 
usually somewhat eccentric or the cap aborted on one side, hollow, equal 
or narrowed downward, glabrous above, coneolorous with the gills near apex, 
darker downward, cinnamon-buff at the base in age, base sparsely white 
strigose. 

Spores 4.5-5.5 x 3.5 p, ellipsoid, smooth, not amyloid; basidia four-spored; 
pleuro- and cheilocystidia not differentiated; gill trama somewhat inter¬ 
woven, not amyloid, the hyphae narrow; pileus trama homogeneous, the 
hyphae on the surface the same size or slightly smaller than the others and 
distinctly gelatinous, clamp connections abundant. 

Gregarious under alder, Port Angeles, Wash., Oct. 13, 1941 {17830, 
type). 

Observations: The pale yellowish colors, subdistant gills, very small ellip¬ 
soid spores, and lack of a farinaceous or bitter taste distinguish this species. 
I hesitate to place much emphasis on the viscidity of the pileus because the 
pilei had been subjected to steady rain during most of their development. 
The species appears to be most closely related to C. subinversa , but the spores 
definitely distinguish it. It differs, apparently, from C. obsoleta in its yel¬ 
lowish subdistant gills as well as in the more pronounced yellowish color 
of both cap and stipe. From C. subahitacea sensu Ricken it differs in having 
an hygrophanous pileus and larger ellipsoid spores. In stature C. snblutea 
bears a striking similarity to (\ ectypa sensu Lange and other recent Euro¬ 
pean authors. However, it differs in the lack of fuscous fibrils over the disc 
and in having smaller spores. C. hypnorum (Brond.) Rea is very similar in 
many respects but is said not to be hygrophanous and to have “somewdiat 
crowded” gills. The American species should also differ in having a striate, 
subviscid pileus. C. Isabella Quclet is also a somewhat similarly colored spe¬ 
cies, but from available information does not appear to be identical. 

Clitocybe virgata A. H. Smith, sp. nov. Pileus convexus vel planus, 
sinuosus, siccus, fibrillosus demum subsquamulosus, disco cinereo-fuscus, ad 
marginem pallidus; lamellae angustae, confertae, adnatae vel brivissime 
decurrentes, albidae demum cremeae; stipes elavatus, deorsum 3 cm. crassus, 
solidus, albidus, sursum subpruinosus, deorsum impolitus, glaber; sporae 
5-6 p, globosae. 

Pileus 5-14 cm. broad, broadly convex or flattened and the margin de- 
eurved at first, more or less expanded to plane in age or margin undulating 
or wavy and more or less uplifted, often sinuate or irregular, surface ap- 
pressed fibrillose, dry, color dirty grayish brown over the center and streaked 
grayish on a pallid ground color toward the margin, in age becoming 
minutely fibrillose-scurfy, margin pallid to sordid buff; flesh thick, firm, 
dry, wdiite, unchanging or slowly pale buff where bruised or cut, odor and 
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taste not distinctive; lamellae narrow (5-6 mm.), close, adnate when young 
but short decurrent at maturity, many tiers of lamellulae, whitish but be¬ 
coming cream-colored in age or stained brownish where damaged by insects, 
intervenose in small caps, edges even or eroded; stipe 5-10 cm. long, 1-2 cm. 
thick at apex, up to 3 cm. at base, clavate, solid, white within, surface white 
and unchanging, fibrillose-pruinose near the apex, glabrous below but dull 
and unpolished, base white cottony. 

Spores globose, 5-6 jj, smooth, not amyloid; basidia four-spored; pleuro- 
cystidia and cheilocystidia not differentiated; gill trama subregular, not 
amyloid; pileus trama not amyloid, homogeneous beneath a compact pellicle 
of interwoven hyphae about the same size as those of the flesh, clamp con¬ 
nections present but rare. 

Gregarious in an oak woods on humus, Oakland County, Mich., Sept. 24, 
1940 (15468, type). 

Observations: The grayish streaked pileus reminds one of that of Collybia 
platyphylla, but the resemblance is superficial. The closer, short-decurrent 
gills, globose spores and lack of cheilocystidia distinguish it at once. It ap¬ 
pears to be most closely related to Clitocybe nebularis from which its spores 
readily distinguish it. The description of Clitocybe fumosa in the North 
American Flora reads a good deal like the above, but the cap is described as 
smooth and glabrous. European authors are generally agreed that Agaricus 
fumosus Pers. is a member of the series of forms grouped around C. aggre- 
gata. These are variously placed in Tricholoma , Clitocybe , and Collybia , and 
are not truly related to the fungus described here. Most of them probably 
belong in the modern genus Lyophyllum. It is possible that Tricholoma 
tenuiceps Cke. & Massee is identical with C. virgata , but with the informa¬ 
tion available at present this does not seem likely. T. tenuiceps may also be 
a mgfober of the C. aggregata complex, and, to judge from the description, 
its pileus does not become fibrillose-squammulose. Von Hohnel (1919) trans¬ 
ferred T . tenuiceps to Russula but his study was not based on authentic 
specimens. Pearson (1935) lists the opinions of Quelet, Maire, and Rea on 
Cooke’s plate 1166. Maire was the only one to suggest a similarity to Collybia 
platyphylla, and he made that questionable. From Cooke’s illustration it is 
apparent that the gill attachment in T . tenuiceps is quite different from that 
of C. virgata . 

Clitocybe Alexandri (Gillet) Konrad, Bull. Soc. Myc. Fr. 43:186.1927. 
iClitocybe Harperi Murrill, Mycologia 3: 190. 1911. 

Pileus 6-15 cm. broad, plane with a strongly inrolled margin at first, soon 
shallowly depressed, in age the margin elevated and frequently lacerated or 
irregular giving the caps a broadly infundibuliform appearance, the margin 
long remaining inrolled, surface smooth and glabrous at first but appressed 
felty-fibrillose if viewed under a lens, disc becoming more or less fibrillose- 
furfuraceous,* typically dry (but when water-soaked appearing subhygro- 
phanous) occasionally mdttled with large watery spots, color sordid and near 
“vinaceous buff” at first, more alutaceous when moist or water-soaked (but 
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such caps fading to “tilleul-buff,” hence pallid), in aging gradually be¬ 
coming grayish, old caps sometimes sordid drab; flesh thick, dz 15 mm. near 
the stipe, tapered evenly to the margin, pallid but gradually becoming grayer 
in age, odor and taste not distinctive; lamellae crowded, narrow (4-5 mm.), 
3-4 tiers of lamellulae, adnate but soon becoming decurrent, somewhat inter- 
venose, pallid when young (“tilleul-buff”) but gradually cinerescent and 
in age pale dirty gray to dark sordid brownish, separable, edges even; stipe 
5-10 cm. long, 10-30 mm. thick, clavate, solid, pallid within, surface uneven, 
unpolished to appressed fibrillose, concolorous with pileus and discoloring in 
the same manner, becoming quite sordid in age. 

Spores 4-4.5 x 3-3.5 p, smooth, broad, white in mass, not amyloid; basidia 
four-spored; pleuro- and cheilocystidia none seen; gill trama homogeneous, 
not amyloid, the hyphae somewhat interwoven; pileus trama homogenous, the 
cuticle of narrow interwoven hyphae, not amyloid. 

Scattered under spruce, Fort Dick, Calif., Nov. 10,1937 (8602 ); Crescent 
City, Calif., Dec. 7, 1937 (9490) ; under alder and cedar. Port Angeles, 
Wash., Oct. 13,1941 (17824). 

Observations: This species is not uncommon along the Pacific Coast from 
Washington to California. It can readily be distinguished from Clitocybe 
nebularis by its changing gills and generally more sordid appearance. In 
addition its spores are consistently a little smaller. Lange’s (1935) illustra¬ 
tions depict our West Coast form more accurately than do those of other 
authors. Partly developed pilei are likely to be squatty in appearance and 
to have very thick stipes. This is the stage figured by Konrad and Maublanc 
(1924-1933). This species, to judge by the few references to it in the litera¬ 
ture, is either rare or rarely collected and identified. Since it is so unattrac¬ 
tive, it is possible that many collectors have passed it by thinking that the 
material was too old to study. It apparently has not been reported from 
North America, but an examination of the descriptions of new species of 
West Coast Clitocybear published by Murrill reveals that C. Harperi is very 
likely identical. Singer (1942) has reported a study of the type of the latter 
in which he pointed out that the species is closely related to C. nebularis . 
This in addition to the cinereous gills of C. Harperi certainly indicates iden¬ 
tity with C. Alexandri. However, I have not had an opportunity to compare 
my specimens with the type. Konrad (1936) has discussed at some length the 
synonymy of this species, and has pointed out that Paxillus griseo-tomentosus 
(Seer.) is very likely identical and that the combination Clitocybe griseo - 
fomentosus (Seer.) Konrad ought to be used if the synonymy is accepted 
and the rules regarding priority are rigidly adhered to. Like Konrad, I have 
used the name Gillet gave to the species in order to be consistent with re¬ 
cently established usage and to avoid accepting a name that has long been 
doubtful and over which there might easily be a difference of opinion in the 
future. 

Clitocybe avellaneialba Murrill, Mycologia 5: 207. 1913. Pileus (4) 
8-12 (20) cm. broad, when young obtusely umbonate w r ith a flattened mar- 
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ginal area and an inrolled margin, sometimes more or less convex, becoming 
plane or slightly depressed, the umbo sometimes obsolete, in age at times 
broadly infundibuliform, margin minutely grayish-fibrillose-pubescent, sur¬ 
face moist, slightly scabrous in some, cuticle occasionally broken into scales 
in age, toward the margin somewhat fibrillose-streaked, not truly hygropha- 
nous (when water soaked appearing subhygrophanous), color “clove-brown” 
to “mummy-brown” when young and moist (nearly black with very little 
brown), fading slowly to “drab” and finally dark or pale cinereous to avel- 
laneous, margin ribbed or plicate in some; flesh white, not watery, thin, 
pliant, odor and taste slightly pungent and subrancid; lamellae narrow (4-5 
mm.) nearly equal in width and unequally decurrent on the stipe, close but 
not crowded, 57-64 decurrent on the stipe, 2 tiers of lamellulae, pallid at first 
(“tilleul-buff ”), in age becoming slightly cream colored but the change often 
not pronounced, edges even; stipe 6-12 (18) cm. long, 1-3 cm. thick at apex, 
clavate, up to 4 cm. thick at base in large carpophores, stuffed becoming 
hollow, cortex thin but tough, surface glabrous and uneven, unpolished at 
first but in age more or less polished, sometimes with scattered appressed 
fibrils, concolorous with or paler than the pileus, base with only a thin ap¬ 
pressed white mycelium and either abruptly rounded below or drawn out to 
a point causing the stipe to appear subfusiform. 

Spores 8-10 (11) x 4-5.5 (j, broadly fusiform or somewhat inequilateral, 
hyaline, smooth, not amyloid; basidia four-spored; pleuro- and cheiloeystidia 
not differentiated; gill trama not amyloid, of interwoven hyphae; pileus 
trama characterized by a thin pellicle of slightly gelatinous hyphae (in 
KOH) with dark brown contents, the remainder floccose and hyaline, not 
amyloid, clamp connections abundant. 

Gregarious to subcespitose on humus and rotting wood, under alder or 
mixed conifers, common. Crescent Beach, Joyce, Wash., Oct. 3, 1935 (2846) 
and Sept. 24 (2582) ; Orick, Calif., Dec. 5, 1935 (3790) ; Trinidad, Calif., 
Dec. 11, 1935 (3938) ; Martin Lake Trail, Mt. Baker, Wash., Sept. 8, 1941 
(16723) ; Elwha River, Olympics, Wash., Sept. 27, 1941 (17336) ; Olympic 
Hot Springs, Oct. 2 (17538) ; Mt. Angeles, Oct. 4 (17549), and Storm King 
Mt., Olympic National Park, Oct. 16, 1941 (17963). 

Observations: The identity of this species puzzled me for a long time, 
but since Singer (1942) corrected Murrill’s erroneous statements in regard 
to the spore size and shape, it beconles apparent that my collections belong 
here. The species is so abundant in the Puget Sound region that a collector 
would have difficulty overlooking it. It has a slight superficial resemblance to 
Clitocybe atrialba to which Murrill compared it, but cannot be considered 
closely related. In its spore characters it resembles C. inornata somewhat but 
after studying abundant fresh materia] of both species, I have been unable to 
note any additional resemblance. Macroscopically C. avellaneialba reminds 
one of C . clavipes, in fact, the two are quite similar in all except spore 
characters. . 

The avellafceous color emphasized by the name was not apparent in my 
specimens until they wer£ quite well faded and then it was not really char- 
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acteristic. Dark fuligineous, the other color term used by Murrill, is much 
more accurate. 

University Herbarium, University of Michigan 
Ann Arbor, Michigan 
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JUNIPERUS VIRGINIANA, J. HORIZONTALIS AND J. SCOPU- 
LORUM—I. THE SPECIFIC CHARACTERS 1 

Norman C. Fassett 

This study is based primarily on the writer’s collections and photo¬ 
graphs, made in the region from Maine to Montana, and south to Georgia, 
Arkansas and Colorado, and financed in large part by the Wisconsin 
Alumni Research Foundation. Much of the material in the Arnold Arbo¬ 
retum, the Gray Herbarium, the New York Botanical Garden, Iowa State 
College, and the University of Wisconsin has been examined, and friends 
in Kansas, Oklahoma, Missouri, Texas, and New Mexico have contributed 
mass collections, most of which will be discussed. Mass collections have been 
made, consisting of a small twig from each tree in a colony, and representing 
many more individual trees than are present in any herbaria; these collec¬ 
tions have been of particular value in solving problems of variation within 
a colony as compared to the variation within a species. Data have been taken 
from each individual and tabulated for the colony; tables 1, 2, 4, and 6 are 
representative of these tables. 

Because of the remarkable variation in most colonies of these species, 
because a colony may consist of one variable species or of two species grow¬ 
ing together, with or without intermediates, and because photographs of 
individual trees are often essential for an understanding of a colony, the 
write® feels that he is not competent to hold an opinion concerning species 
in regions where he has not collected, photographed and studied trees in the 
field. Therefore, J. silicicola (Small) Bailey, from the southern states, and 
J . lucayana Britton, from the West Indies, are not considered here, and 
the southern limits of J. virginiana are left indefinite. Likewise the European 
J. Sabina, which in some of its phased is indistinguishable, in the herbarium, 
from the American J. scopulorum , is omitted from consideration because 
the writer has not studied it in the field. In fact, J. Sabina, as represented 
in the Arnold Arboretum, may have leaves overlapping or not overlapping, 
with tips obtuse or acuminate, and even with erose margins, while the 
peduncles may be mostly straight or up to 88 per cent curved; these are 
characters which separate species in North America. 

. Juniperus virginiana, J. horizonialis and J. scopulorum are distin¬ 
guished from the other species of North America north of the Gulf States 
by having opposite, scale-like, entire-margined leaves, and blue fruits. 

1 Publication of the tables was assisted by the Lucien M. Underwood Memorial Fund. 
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TABLE 1. Ten individuals of J. virginiana from Quincy , Michigan . 



Width in p of epidermal 
cells of leaves 


Peduncles 


Length in mm. of cones 


5 

10 

15 

20 25 30 

Av. 

Hooked 

Straight 

% hooked 

4 

4.5 

5 

5.5 6 6.5 7 

Av. 

8 

18 

3 

la . 

9.5 









8 

16 

5 

1 . 

9.8 



. ... 

... . 

. 

... 



5 

17 

8 

. 

10.5 

... . 






. 


6 

14 

10 


10.7 

0 

14 

0 

3 

6 

2 


4.5 

2 

20 

8 


11.0 

4 

7 

36 

3 

5 

2 


4.5 

4 

17 

7 

2 

11.2 









2 

16 

12 


11.8 

0 

6 

0 


1 

2 

3 .1 

5.1 

3 

13 

14 


11.8 




.. 





2 

16 

10 

2 ... 

12.0 

0 

6 

0 


1 

5 


4*8 

1 

17 

11 

1 . 

12.0 

1 

13 

7 


.... 

. 



41 

164 

88 

7 ... . 

11.0 

5 

46 

10 

6 

13 

11 

3 . 

4.7 


a This lino signifies: 8 cells were 5 p, wide, 18 cells were 10 p, wide, 3 cells were 15 p, 
wide, one cell was 20 p wide, and the average for that individual tree was 9.5 p. 


There are three facts which have sometimes made the differentiation of these 
three species difficult. 

First, the variation within a species is often more conspicuous than dif¬ 
ferences between species. Well-known, of course, is the striking difference 
between the juvenile, acicular tvpe of foliage and the adult, scale-like type. 
While usually the acicular foliage is produced by the younger trees and the 
scale-like foliage develops later, individual trees show divergence from 

TABLE 2. Ten individuals of J. virginiana var. crehra from Hoplcinton, Massachusetts. 


Width in p of epidermal 
cells of leaves 


Peduncles 


Length in mm. of cones 





r- 


5 10 15 20 25 30 Av. 

H3 

a> 

© 

% 


3 3.5 4 4.5 5 5.5 6 Av. 


ft 

35 




4 

6 



8.0 

0 

6 

0 



1 

2 

2 



4.6 

3 

7 



8.5 

2 

23 

8 



1 

3 

7 

5 

4 

5.2 

5 

3 

2 


8.5 

0 

35 

0 




10 

10 



4.8 

3 

4 

3 


. 10.0 

1 

18 

5 

1 


5 

2 

2 



4.2 

4 

o 

4 


.. 10.0 

1 

9 

10 




1 

4 

2 

i 

5.1 


9 

1 


. ... 10.5 

1 

26 

4 

. 

1 

7 

9 

3 



4.4 

o 

5 

3 


. 10.5 

3 

9 

25 

. 


3 

6 

1 



4.4 

1 

6 

3 


... 11.0 

... . 

. 

.. 


2 

1 

2 

o 

3 

1 

4.7 

1 

5 

3 

1 . 

. 12.0 

1 

9 

10 




1 

4 

1 


5.0 

.. . 
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4 

1 . 

.... 13.0 
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16 

10 

4 

... . 

.... 
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TABLE 3. Summary of 15 mass collections from Maine, New Hampshire f Vermont, 
Massachusetts, Connecticut, Virginia, Georgia, Michigan, Wisconsin, Mississippi, and 
Arkansas . 


Width in p of epidermal 
cells of leaves 

Peduncles 


Length in mm. of cones 





+9 






5 10 15 

20 25 Av. 

Hooked 

Straigh 

rX 

© 

o 

43 

* 

3 3.5 

4 4.5 5 5.5 

6 6.5 

Av. 

277 1111 511 

06 1 10.9 

36 

574 

6 

7 34 

92 139 131 42 

13 1 

4.6 


this system. J. virginiana f. Bermerae Macbride has only aeieular foliage; 
the type belongs, incidentally, to var. crebra Fernald & Griscom, but a 
similar phenomenon occurs in typical J. virginiana, as well as in J . hori- 
zontalis and in J. scopulorum. On some trees twigs with aeieular foliage are 
intermixed with those bearing scale-like foliage, and on others all the foliage 
is intermediate in form between the two types. Injury, especially by the rust 
Gymnosporangium, may cause local reversion to the aeieular foliage. 

Other differences may pervade a colony; for example, the proportion 
of width to breadth of the needles may vary greatly from tree to tree (Am. 
Jour. Bot. 30: 472. 1943). The variation within any colony is often as great 
as within the species as a whole; this fact is fundamental to an understand¬ 
ing of the taxonomy of the group. The color of the foliage often shows as 
much variation within a colony as it does within the species, and the writer 
has Kodachrome pictures of J. horizontalis with a bright green individual 


T^BLE 4. Ten individuals of J. horizontalis from Baileys Harbor , Wisconsin. 


Width in p of epidermal 
cells of leaves 

Peduncles 

Length in mm. of cones 

Av. 

10 

15 

20 

25 

30 

Av. 

Hooked 

Straight 

% hooked 

4.5 5 

5.5 

6 

6.5 

7 

5 

19 

4 

2 


15.5 

7 

0 

100 







8 

12 

9 

1 

. 

15.5 

5 

0 

100 

. 






2 

17 

9 

2 


16.8 










8 

10 

6 

5 

1 

16.8 

3 

1 

75 

i 

1 

2 


k 

5.6 

4 

11 

14 

1 


17.0 

7 

0 

100 


... 





2 

16 

9 

3 

. 

17.2 

15 

0 

100 

. 

3 

"4 

i 


5.9 

2 

14 

9 

5 


17.8 

6 

1 

86 

„ 


3 

1 

2 

6.4 

3 

6 

16 

5 


18.8 

4 

3 

57 

i 

1 

3 



5.7 

1 

9 

13 

7 


19.3 

■■ 6 

3 

67 

l 

1 


i 

1 

5.8 

1 

3 

19 

6 

1 

20.5 

3 

0 

100 

. 






36 

117 

108 

&7 

2 

17.5 ^ 

56 

8 

87 

. 3 

6 

12 

3 

3 

5.9 
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TABLE 5. Ten herbarium sheets of J. horizontalis from the Province of Quebec, in 
the herbarium of the Arnold Arboretum . 


Width in » of epidermal Peduncles 

cells of leaves 


Length in mm. of cones 


10 

15 

20 

25 

Av. 

Hooked 

Straight 

% hooked 

4 

4.5 

5 

5.5 

6 6.5 

7 

Av. 

13 

11 

6 


13.8 










. 

11 

15 

3 

1 

14.0 

* . 

. 


. 



. 




11 

13 

6 


14.2 




... 




.... 



5 

22 

3 


14.7 

28 

10 

74 


5 

13 

4 

4 . 

2 

5*3 

5 

20 

5 


15.0 

. 

.... 






. 


. ... 

4 

18 

7 

1 

15.8 










... . 

1 

23 

6 


15.8 







... 

. 


. ... 

5 

16 

6 

3 

16.1 

21 

4 

84 

1 


13 

6 

o 

.. . 

5.3 

2 

16 

11 

1 

16.8 


.. .. 






.. 

.. . 

. 

3 

14 

8 

5 

17.5 







.. . 

. 



60 

168 

61 

11 

15.4 

49 

14 

78 

1 

5 

26 

10 

6 

2 

5.3 


growing next to a glaucous one; they look more different than do many 
distinct species of Juniperus, but glaucous individuals seem to grow through¬ 
out the range of the species, in company with the ordinary bright green 
ones. Similarly striking are the shades of green of J. virginiana, varying 
within a single patch to colors bordering on the browns and purples. Shape 
of tree, size of fruits, etc., may vary throughout a colony, or in other cases 
there may be local phases. But most of these forms must be considered only 
as individual variations. 

TABLE 6. Ten individuals of J. scopulorum from Mammoth Mot Springs f Yellowstone 
National Parfc, Wyoming. 


Width in p, of epidermal 
cells of leaves 


Peduncles 


Length in mm. of cones 


5 

10 

15 

20 

25 

Av. 

Hooked 

Straight 

% hooked 

4 

4.5 

5 

5.5 

6 

6.5 

7 

Av. 


14 

12 

o 

2 

13.7 

18 

21 

46 

1 


1 

5 




5.2 

1 

7 

12 

8 

2 

15.2 

1 

6 

14 




1 

4 

1 

1 

6.1 

1 

6 

14 

9 


15.2 

9 

7 

56 




1 

2 

3 

. 

6.2 


3 

19 

8 


15.8 







. 


. 




o 

20 

8 


16.0 

23 

15 

61 



i 

3 

3 

i 

1 

5.9 


6 

14 

8 

2 

16.0 

. 

. 



. .. 



. 

. 




5 

16 

7 

2 

16.0 




. 








1 

2 

14 

13 


16.5 

15 

17 

47 



3 

3 

7 



5.7 


3 

14 

12 

1 

16.8 




. 

. 







.... 

2 

15 

11 

2 

17.2 

8 

17 

32 

3 

4 

6 

.. . 

1 

. 

.... 

6.0 

3 

50 

150 

88 

11 

15.8 

74 

83 

47 

4 

4 

11 

13 

17 

5 

2 

5.6 
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Second, the specific characters are often fully as variable as any others, 
but they vary in a different way and show reliable statistical differences. 
For example, straight peduncles may be found on J. horizontalis and hooked 
ones on J . virginiana, but these species may be distinguished by the fact that 
J . virginiana has a third or fewer of its peduncles hooked, while J . horizon - 
talis has two-thirds or more of them hooked. Observation of a single pe¬ 
duncle is meaningless; examination of 10 peduncles will usually serve for 
positive identification. Diagnostic characters in width of epidermal cells of 
leaves, size of cones, seeds per cone, and in the markings on the seeds, are all 
of this statistical nature. 

Third, two species may occur together in a colony, and hybrid swarms 
may or may not be formed. Hybrid swarms of J. virginiana and J. horizoyi- 
talis occur on the coast of Maine and in the Driftless Area. In central and 
western South Dakota, and in northwestern Nebraska, the range of J. vir¬ 
giniana overlaps with that of J. scopulorum , and any colony may show a 
confusing set of interspecific variations. In the Big Horn Mountains, and 
about Banff, and probably elsewhere, J. scopulorum and J. horizontalis both 
grow, and they present some puzzling recombinations of specific characters, 
perhaps as a result of hybridization. These areas will, it is hoped, be dis¬ 
cussed in subsequent papers. 

The following specific characters are valid except in those regions, just 
listed, where two species grow together. Most of the statements below must 
be understood as having the limitation: except in regions where two species 
occur . 

Character 1 . The main trunk of J. virginiana is always erect, that of 
J. horizontalis is creeping, and that of J. scopulorum is erect or divided into 
several more or less ascending trunks. The rounded crown of J. scopulorum , 
originally used as a specific character, 2 is not always characteristic. When 
individual branches of J. horizontalis are infected with Qymnosporangium 
they may be erect and bear needles of the acicular type. 

Character 2. The epidermal cells of the leaves of J. virginiana are from 
5-20 p wide, mostly 10 p, those of an individual plant averaging 9-12 p; 
in J. horizontalis they are 10-30 (rarely 5 or 35) p wide, mostly 15 p, aver¬ 
aging 13-19 p; in J. scopulorum they are 5-25 p wide, mostly 15 p, averaging 
15-19 p. These measurements are perhaps the best means of distinguishing 
J . virginiana, in the herbarium, from the other two species. Yet the width 
of epidermal cells is very variable on each leaf; it is the mode and the mean 
which are diagnostic. For this reason it is necessary to measure a number 
of cells on each plant (thirty appears to be sufficient) and find the average. 
In this study, examination was made with a compound microscope, using a 
32-mm. objective giving an enlargement of about 70 times; by means of a 


* Sargent, Gard. & For. 10: 420. 1897. 
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camera lucida the width of each cell was marked on the edge of a sheet of 
paper, then measured with a scale previously prepared from a micrometer 
slide with the same microscope and camera lucida. Cells were measured to 
the nearest 5 g, grouped in classes of 5, 10, 15, 20, 25, or 30 g each, and 
averaged. Results for characteristic colonies are shown in tables 1, 2, 4, and 
6, those for a large number of individuals totalling nearly 2000 individual 
cells in table 3, and for the herbarium material from a single region in table 
5. It will be seen that all averages for individual plants show agreement, 
probably within the variation which might be expected from the relatively 
small numbers of cells measured per individual; indeed, when three indi¬ 
viduals from one clone of J. horizontalis were measured they showed about 
as much variation as uo the different plants of a colony. Here the variation 
within the species is not only equalled by the variation within the colony, 
but is nearly equalled by the variation within each individual. 

Character 3. In J. virginiana each leaf nearly always overlaps the leaf 
directly beyond it; in J. horizontalis the leaves usually overlap; in J. scopu - 
Jorum they rarely overlap, so that the exposed portion of each leaf usually 
appears 4-sided. The amount of overlapping of leaves may vary on any twig, 
particularly in J. horizontalis , where there is sometimes lack of overlap after 
the fashion of J . scopulorum. The principle, stated in the fourth paragraph 
of this paper, that variation within the colony may equal the variation 
within the species, may be observed by study of the amount of overlap of 
leaves on many twigs from one colony, as illustrated in Am. Jour. Bot. 30: 
472. 1943; in figure 17 of that paper, for example, some leaves barely over¬ 
lap while others overlap a considerable distance. 

Character 4. The apiculate leaf-tips of J. horizontalis are variable in 
length, but always present. They are occasionally present on the acute to 
acuminate leaf-tips of J. virginiana; a large colony of that species at Janes¬ 
ville, Wisconsin, is exceptional in that the leaves are apiculate on all of the 
37 individuals with scale type foliage which were sampled. The leaves of 
J. scopulorum are subacute to very blunt, very exceptionally with tips which 
might be called subapiculate. The acicular leaves of all three species are 
pointed in about the same manner. 

Character 5. While the foliar glands of J. virginiana and J. horizontalis 
rarely attain the size of those of J. scopulorum , occasional large individuals 
preclude the use of length as a diagnostic character. But the length of the 
gland of J. scopulorum equals or usually exceeds the distance from the gland 
to the tip of the adult type of leaf, while in the other two species the gland 
is always much shorter than that distance. 

Character 6. Some of the manuals describe J. virginiana as having 
cones on straight peduncles, and J. horizontalis as having hooked or re¬ 
curved peduncles. As a matter of fact, both straight peduncles and recurved 
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peduncles may be found on all three species, but the proportions of each are 
diagnostic. In J. virginiana the peduncles are all straight or up to 33 per 
cent curved; in J . horizontalis they are 60-100 per cent curved; in J . scopu- 
lorum they are 8-70 per cent curved. This character, it may be observed, 
will always serve to differentiate fruiting specimens of J. virginiana and J, 
horizontalis, and will sometimes serve to distinguish J. scopulorum from 
one of the other two species. 

Character 7 . J . scopulorum generally takes two years for fruit to 
mature, J . virginiana but one year; this was originally made the principal 
distinction between these two species. 8 As has been recently pointed out, 4 
this does not always hold true, and if it did, it would be at best a weak 
specific character. Many specimens of J. horizontalis show two generations of 
fruit, but the writer has been unable to determine whether or not this is 
always the case. 

Character 8. The fruits of J . virginiana average smaller (2.0-6.5, mostly 
3.5-5.5 mm. long) than those of the other two species (4.5-8.0, mostly 5.5- 
6.5 mm. in J. horizontalis and 4.0-9.0, mostly 5.5-6.0 mm. in J. scopulorum ), 
but individual fruits of J. virginiana may be larger than some individuals 
of the other two species. That this is a statistical difference, requiring the 
measurement of many fruits to identify a specimen, is shown in tables 1-6. 

Character 9. The number of seeds in a cone was shown by Blake 5 to 
be different in /. virginiana and J . horizontalis. Again, the character is sta¬ 
tistical ; the usually limited supply of cones on a specimen, and the time con¬ 
sumed by their dissection, make this character less practical than most of 
the others here listed. The present writer\s observation is that J. virginiana 
ha^l-3 seeds per cone, J. horizontalis (1-) 2-6 seeds per cone, and J. scopu¬ 
lorum 1-4 seeds per cone. 

Character 10. The long, deep pits on most (but not all) of the seeds of 
J . scopulorum serve to distinguish this from the other two species. Nearly all 
the seeds of J. virginiana are pitted ; 6 about half the seeds of J. horizontalis 
are pitted. Seeds are best prepared for examination by picking the cones 
to pieces then dipping the seeds in alcohol and rolling between the fingers 
to remove adherent resin. 

The facts outlined above have been derived from the study of mass col¬ 
lections from the following localities: 

J. virginiana: Maine; York Corner. New Hampshire; Hampstead, Derry. Vermont; 
Colchester. Massachusetts; Newbury, Bedford, Hopkinton. Connecticut; Portland. 
New Jersey; Pompton Lakes, Darlington. Virginia; Strasburg. Wisconsin; Dykesville, 
Hartland, Janesville, poon Valley. Michigan; Quincy. Tennessee; Bradford. Georgia; 

a Sargent, Gard. & For. 10* 420. 1897. 

« Morton, Rhodora 43: 347. 1941. 

s Blake, Rhodora 12: 218. 1910. 

6 See Am, Jour. Bot. 30: 474. 1943. 
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Cartersville. Mississippi; Corinth. Missouri; Gray Summit (collected by Dr. Edgar 
Anderson). Florida; Santa Rosa Island. Kansas; Sedan (collected by H. A. Stephens & 
L. H. Shinners), Riley Co. (collected by Frank C. Gates). Arkansas; Busch. 

J. horisontalia: Maine; Monhegan Island, Tenents Harbor. Ontario; Great Cloche 
Island, Little Current. Michigan; Point Seul Clioix. Wisconsin; Baileys Harbor. Wyo¬ 
ming; Ranchester. 

J. scopulorum: South Dakota; Upper Tunnel in the Bad Lands, Wasta, Interior. 
Montana; Bridger. Wyoming; Mammoth Hot Springs in Yellowstone Park, Burris. 

In addition, the sheets of J . horizontalis and of *7. scopulorum in the Arnold Arbore¬ 
tum, of J. horizontal™ from Newfoundland in the Gray Herbarium, and of J. virginiana 
in the herbaria of the University of Wisconsin, Kansas State College, the University of 
Minnesota, and North Dakota Agricultural College, were examined for the characters 
listed above. 

Certain representative data concerning three of these characters have 
been selected and presented in tables 1-6. In table 1, the epidermal cells in 
this colony of J . virginiana are seen to vary on each individual from 5 p 
to 15 or 20 p in width, and the averages to vary from 9.5 to 12.0 p per 
individual. Since each average represents but 30 cells its significance is 
limited. The average of the 300 cells measured for the colony is 11.0 p. In 
table 2, there is even a greater spread in averages for each plant, but the 
average for the colony is 10.2 p, reasonably close to that in table 1. The 
lowest average for a colony of J. virginiana was 10.0 p, and the highest 
11.4 p. For table 3, the measurements of nearly 2000 cells were averaged, to 
give a figure of 10.9 p. The mode for every colony, and for every individual, 
is 10 p in J. virginiana. Turning to J. horizortfalis , where the mode for the 
individual is usually 15 and rarely 20 p, we find in table 4 a range of 15.5- 
20.2 p for averages of individual plants, with an average of 17.5 p for the 
300 (‘ells measured from the colony; in table 5, representing 10 herbarium 
sheets from a single province of Canada, the individual plants range from 
13.8-17.5 p average widths, and the grand average is 15.4 p. So, the results 
are the same whether we take 10 individuals from one patch, or 10 indi¬ 
viduals from different localities; this illustrates the principle stated in 
italics in the fourth paragraph of this paper. The six mass collections of 
J. scopulorum showed similar variability of individuals and uniformity of 
colonies, therefore but one is described (table 6). 

Examining now the character of straight vs. hooked cone-bearing pe¬ 
duncles, we find again considerable variation between individuals and uni¬ 
formity of colonies. In table 2, the count, for the third plant in the list, of 35 
straight peduncles against no curved ones is fair indication of nearly or 
quite complete lack of curved peduncles, yet on other tw T igs from the same 
colony may be found as many as one fourth of the twigs hooked. But, as 
was the case when epidermal cells were studied, the averages for the two 
colonies described in tables 1 and 2 are very similar (10 and 9 per cent, 
respectively), and close to what is found when 600 peduncles are examined 
(table 3). And again, variable as are the percentages for individuals of 
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J. virginiana, they never approach those of the equally variable J. horizon - 
talis (tables 4, 5). The averages for individual trees of J. scopulorum over¬ 
lap the higher figures of J. virginiana and the lower ones of J. horizontal™, 
but J . scopulorum is amply distinct from the others on a different set of 
characters. 

SUMMARY 

A study based on mass collections made throughout much of the ranges 
of Juniperus virginiana, J. horizontalis, and J. scopulorum , as well as on 
herbarium material, shows that these three species are always clearly recog¬ 
nizable on a number of characters, except when two species grow together, 
that the variation within each species is often more conspicuous than, but 
never as constant as, the variation which separates species, and that many 
of the distinguishing features are, while perfectly practical for the tax¬ 
onomist, statistical in nature. 

Department of Botany, University of Wisconsin 
Madison, Wisconsin 
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TAXONOMY AND DISTRIBUTION OF THE GENUS 
CERCIS IN CHINA 1 

Hui-Lin Li 

The genus Cercis is widely distributed in the North Temperate Zone and, 
because of its discontinuous distribution, occurring as it does in southeastern 
Europe and adjacent parts of Asia, in eastern Asia, and in North America 
from New England to Michigan and California southward to Mexico, it is 
of special interest to the phytogeographer. This is a rather remarkable case 
of discontinuous distribution. It has been accepted that there is a lesser 
development of the genus in eastern Asia than in the other Eurasian and 
North American centers, with but two or three species occurring within a 
restricted area in central China. However, recent botanical explorations 
in China have increased the number of species as well as the geographic 
range of the genus in China, which involves a certain revision of our previ¬ 
ous concepts of the group. The genus is a small one, a total of about twenty- 
five species having been described, more than one-third of which have been 
reduced to synonymy. It is suspected that too many species have been 
described from North America, for of the seven species proposed by Greene 
in 1912, Small in 1933 recognized none from the southeastern United States 
(at least two being from the range of Small’s Flora of the Southeastern 
United States ), while Jepson in 1936, in his Flora of California , reduced 
both of Greene’s Californian species to Cercis occidcntalis Torr. There are 
probably not more than about a dozen valid species of the genus now known. 

This taxonomic study of the Chinese species is based on the material pre¬ 
served in the herbarium of the Arnold Arboretum of Harvard University. 
Five species are recognized: Cercis racemosa Oliver, C. Chuniana Metcalf, 
C. chincnsis Bunge, C. Chingii Chun, and C. pauciflora Li; and these are 
enumerated below with citations of all specimens examined. Among these, 
four are of rather limited occurrence. Only one, C. chincnsis Bunge, is widely 
distributed in China, and in this respect can be considered as the counter¬ 
part of C. Siliquastrum L. of southern Europe and C. canadensis L. of 
North America. 

Cercis chincnsis Bunge occurs throughout the temperate regions of China 
from southern Kansu and southern Shensi in the northwest, eastern Sikang 
and northwestern Yunnan in the southwest, to northern Kwangsi in the 

1 Prepared with partial support of a grant from the Penrose Fund, American Philo¬ 
sophical Society, to I>r. E. D. Merrill, Director of the Arnold Arboretum, to assist him in 
working up the accumulated collections of Chinese botanical material in the herbarium of 
the Arnold Arboretum. 
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south, Fukien, Chekiang, and Kiangsu along the coast in the east, and 
finally to Shantung and Honan in the northeast. Within this great circle 
there are only two provinces, Kiangsi and Hunan, wherein the species is 
not definitely known to occur. 

It is evident, from the number of collections made and the data in the 
form of field notes, that this species occurs most abundantly in the hilly 
districts of western Hupeh and eastern Szechuan. Wilson, ex Craib in 



Fig. 1. Distribution of Cercis in China: Squares, C. racemosa; outlined star, 
C. Chuniana; solid stars, C. chinensis; triangles, C. Chingii; circles, C. pauciflora. 


Sargent, PI. Wils. 2: 87 (1914), notes that it is very common in the latter 
regions. This area may thus be considered as the center of development of 
the species. The northern extension of the species is along the Tsinling 
Range, and thus 35° N is the approximate northern limit of its range. How¬ 
ever, it is cultivated farther north in Peiping, which is about 40° N, and it 
is from the plants cultivated in that city that Bunge first described the 
species. It is also cultivated in various other localities in China from Peiping 
southward to Canton, and also in Japan, but is not indigenous to the latter 
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country. The natural habitat of the species is limited in eastern China to * 
the hills along the western borders of the coastal provinces Kiangsu and 
Chekiang. In the south it is found in Fukien, northern Kwangsi, Kw r eichow, 
and northern Yunnan, with 24° N as its approximate southern limits. It is 
not found, except in cultivation, in the tropical southern part of Kwangtung, 
Kwangsi, and Yunnan; it is not recorded from Hainan, nor from Indo- 
China. In the west it occurs along the eastern border of the great Tibetan 
Plateau, in the mountains of northwestern Yunnan and eastern Sikang. 
Apparently the Himalayas and the Tibetan Plateau stand in between the 
species of eastern and central Asia, for continuous distribution of the genus 
in Asia does not exist. 

In eastern Asia, this species is essentially a temperate-zone tree occurring 
in hilly districts. It is found in open country, and in thickets and woodlands, 
generally along the slopes up to an altitude of 1200 m., although in the high 
plateau in farther western China, it may occur at slightly higher elevations. 

The other four species are all restricted in distribution. Cercis racemosa 
Oliver is common in western Hupeh especially in Fang Hsien, where, ac¬ 
cording to Wilson, it occurs in moist woods between an altitude of 1200-1800 
m., at a higher level than C. chinensis Bunge. The only other collections of 
this species noted are from eastern Szechuan, adjacent to western Hupeh, 
and in northwestern Kweichow, also close to Szechuan. C. Chuniana Metcalf 
is localized in the northern part of Kwangsi Province. This is a tree of about 
10 m. high, found in open woods at an altitude of about 1200 m. C. Chingii 
Chun has been recorded from two different localities, one in southern 
Anhwei, and another in northern Kwangtung. C. panci flora Li is known 
only from Mount Omei in Szechuan Province, where it occurs at an altitude 
between 800 to 1600 m. (fig. 1). 

KEY TO THE CHINESE SPECIES OF CERCIS 

A. Inflorescences racemose, peduncles 2.5-10 cm. long. 

B. Leaves ovatereniform to suborbicular, symmetrical; peduncles 


slightly puberulous . 1. C . racemosa . 

BB. Leaves rhomboidalovate, inequilateral; peduncles glabrous . 2. C . Chuniana . 

A A. Inflorescences clustered, not pedunculate. 


B. Leaves ovate reniform to suborbicular, large, about 7-15 cm. across; 
flowers preceding the leaves. 

C. Pods thin, to 15 cm. long and 1.5 cm. broad, winged along one 

margin, straight and usually not dehiscent. 3. C. chinensis. 

CO. Pods coriaceous, to 6.5 cm. long and 1.2 cm. broad, dehiscent, the 

valves twisted, not winged . 4. C. Chingii. 

BB. Leaves subtriangular-ovate, small, to 6 cm. long and 5 cm. broad; 

flowers appearing with the leaves. 5. C. pauciflora. 

1. Cercis racemosa Oliver in Hook. Ic. 19 : pi. 1894. 1889; Diels, Bot. 
Jahrb. 29 : 409.1900; Schneider, Ill. Handb. Laubh. 2:4 : f. 2 a, b, 3 a. 1907; 
Craib in Sargent, PI. Wils. 2 : 88. 1921; Chun, Chinese Econ. Trees 180. 
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1921 r Rehd. Man. Cult. Trees Shrubs 482.1927; ed. 2. 485.1940; Stapf, Bot. 
Mag. 156: pi 9316 .1933. 

Hupeh: Western Hupeh, E. H . Wilson 607 (Veitch Expedition), May, 1900; Fang 
Hsien, E. H. Wilson 314, May, 1907 (flowers), Aug., 1907 (fruits), Sept., 1907 (fruits), 
a tree 16-30 ft. high, with much-branched head, in woods, alt. 4-5500 ft., flowers rosy 
pink; same locality, E. H. Wilson 707, Oct., 1907, a tree 10-35 ft. high, in woods, alt. 
4-5500 ft, Szechuan: Wushan, A . Henry 5602 (isotype). Kweichow: Pichieh, F. Tsiang 
8389, Sept., 1930, a large shrub 20 ft. high, along road side, in fruit. 

This species is strongly characterized by the loosely racemose inflores¬ 
cences (about 2.5-10 cm. long), and the leaves hairy on the under surfaces. 

Wilson notes (ex Craib, l.c.) that “This remarkable tree is fairly com¬ 
mon in the moist woods of central Fang Hsien between 1200-1800 m. alt., 
but is extremely rare elsewhere in western Hupeh and has not been reported 
from any other province. It is a low-growing tree, seldom, if ever, more than 
12 m. tall, with a simple trunk from 1 to 2 m. in girth near the ground, and 
a widespreading head from 4 to 10 m. though of relatively thin branches. 
... It is essentially a cool temperate tree and in western Hupeh always at 
higher altitudes than C. chinensis Bunge.” 

The type locality, as noted above, is in the eastern part of Szechuan 
closely adjacent to western Hupeh. The Kweichow plant cited above is a 
fruiting specimen with the pods detached, but the hairy leaves clearly in¬ 
dicate that C. racemosa Oliver is represented. The species occurs in cultiva¬ 
tion in some parts of the United States and in Europe. 

2. Cbrcis Chuniana Metcalf, Lingnan Sci. Jour. 19: 551. /. 2 . 1940. 

KwanGSI: Northern Luchen, near the border of Kweichow, E. C. Ching 6188 (type), 
June, 1928, a tree 30 ft. high, in open woods, alt. 3800 ft., pods purplish, drooping; Shuen- 
yuen, #. S . Chung 81566 , May, 1936, a tree 10 m. high, in woods, pods young, red; Chuen 
Yuen, Z. 8 . Chung 81984 , June, 1937, along stream side, pods 9-10 cm. Jong, seeds 3-8. 

Metcalf did not have flowers when he described the species, stating: 
“Inflorescences of small racemose branchlets with usually two-five fruits.” 
In Chung 81566, there are inflorescences bearing very young fruits. These 
racemes measure 3.5-5 cm. long and bear many (10-15) flowers. The racemes 
usually become much shorter in the fruit, as is also true of those of Cercis 
racemosa Oliver. 

In the racemose inflorescences, this species is allied to Cercis racemosa 
Oliver. But the peduncles, which Metcalf did not note, are glabrous in C. 
Chuniana Metcalf but puberulous in C. racemosa Oliver. Moreover, C. 
Chuniana Metcalf differs from Oliver’s species in the pods being only very 
narrowly winged along one margin and the leaves being rhomboidal-ovate 
and very unequilateral. In the pronouncedly unequilateral leaves, a char¬ 
acter that wap not noted by Metcalf, this species is distinct and unique in 
tiie genus. 
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3. Cercis chinensis Bunge, M6m. Sav. fitr. Acad. St. Petersb. 2: 95. 
1833; Hemsley, Jour. Linn. Soc. 23: 213.1887; Pampanini, Nuov. Giorn. Bot. 
Ital. II. 17: 393.1910; Craib in Sargent, PI. Wils. 2: 87.1914; Chun, Chinese 
Econ. Trees 178. pi. 66. 1921; Small, Addisonia 6: 33. pi. 209. 1921; Chung, 
Mem. Sci. Soc. China 1: 106. 1924; Rehd. Jour. Arnold Arb. 7: 152. 1926; 
Rehd. & Wils. op. cit. 8: 127. 1927; Chun, Sunyatsenia 1: 253. 1934. 

Cercis japonica Sieb. ex Planch. FI. Serres 8: 269. pi. 849 . 1853. 

Cercis glabra Pampanini, Nuov. Giorn. Bot. Ital. II. 17: 393. /. 9. 1910; Bull. Soc. 
Tosc. Ortic. 36: 215. /. 16. syn. nov. 1911. 

Hopei : T. N. Liou 1228, 1229. Shangtung: C. F. Chiao 2430, 2818. Kiangsu: 
8. C. Ching 4884 , Ching $ Tso 417 , F. L. Kang 2597, C. L. Tso 945 . Chekiang: Tang 
$ Hsia 459 , F. L. Keng 847. Anhwei: A. N. Steward 2306, B. C. Ching 3145, Honan: 
J. Hers 291 , 404, 525, 579. Shensi: J. Giraldi s.n ., J. Her* 2443, 3042, G. Fenzel 254. 
Kansu: F. N. Meyer 1642, Hupeh: A. Henry 7662, C. Sylvestri 1049, 1052 (syn- 

type of G. glabra Pampanini, photo.), F. H. Wilson 501 , 7£7, H. G. GJion? 

IF. F. Chun 4143. Szeuhuan: A. Henry 7662 B , Bocfc 4r Bosthorn 1640 , J. F. Focfc 12041, 
W. P. Fang 10203 , 22390. Sikang: C. F. C/ttao ^7. Yt t nnan: G. Forrest 23223 , 26273, 
27194, J. F. Bock 8918, 9409, B. C. Ching 20583, K. M. Feng 2666, T. T. Yii 21075, W. C. 
Cheng 11000. Kwkiuhow: H. Handel-Mazzetti 163 , S. W. Teng 90029 A, 90029 B. 
Kwangsi: H. Fung 21190. Fukien: H. H. Chung 1243 , 4833, 6972. 

Dunn and Tuteher, Kew Bull. Add. Ser. 10: 90. 1912, credit this species 
to Kwangtung: Province, Lienchow River, but this apparently represents a 
misidentification of Cercis Chingii Chun. 

This species was first described by Bun"e from cultivated plants in Pei¬ 
ping. It appears to be indigenous and widely distributed in temperate China. 
It is most abundant in western Hupeh and eastern Szechuan, which region 
may be considered as the center of distribution of the genus in general and 
of this species in particular. Wilson (ex Craib, l.c.) notes that “In western 
Hupeh and eastern Szechuan this beautiful flowering tree is very common 
but we never met with it wild west of the Red Basin of Szechuan. It occurs 
in open country, and in thickets and the margins of woods up to 1200 m. 
altitude. . . . This tree grows from 6 to 15 m. tall and has a moderately 
thick trunk clean of branches for half its height and a flattened rounded 
head.” However, it has since been collected, as noted by the cited specimens 
above, in western Szechuan. 

Wilson also notes “The flowers vary from pale pink to red pink and are 
produced in great numbers on all parts of the tree including the old branches 
and main trunk.” In one of the collections cited above, J. F. Rock 12041 
from Ching-chuan, western Szechuan, it is indicated on the field notes: 
“flowers white.” This is the only collection noted for white fkwers. 

It is observed that among the assorted specimens of the species from 
different localities, while in general being very uniform in their characters, 
slight variations are found in the length of the pods and the pubescence of 
the leaves and pods. In most instances the leaves are completely glabrous, 
w T hile in others they are slightly pubescent along the veins near the base on 
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the lower surface. Pampanini (l.c.) referred some of Sylvesters specimens 
from western Hupeh with their leaves slightly pubescent below to C. chin - 
ensis Bunge, and three other specimens with completely glabrous leaves as 
representing a new species, C. glabra Pamp. Wilson (l.c.) notes that he is 
doubtful if C. glabra Pampanini is anything more than a mere form of C. 
chinensis Bunge. Type material of Pampanini’s species, including a photo¬ 
graph of Sylvestri 1052 , fragments of leaves and fruits of 1052 a, and 
fragments of flowers of 1051 , all from the Biondi Herbarium, Florence, are 
now available for study. It is found that such a variation in pubescence 
is common in other specimens and that age is also a factor. I do not con¬ 
sider that Pampanini’s species is a valid one, and it is accordingly reduced 
to synonymy. 

A more definite variation, in the pubescence of the pods, is, however, 
present. Among the fruiting specimens from the provinces of Chekiang, 
Anhwei, and Kiangsu, and the cultivated plants from Tsingtao, Shantung 
Province, and Peiping, Hopei Province, it is found that they are very finely 
pubescent throughout. But the ovaries of the few’ flowering specimens from 
these same regions appear to be glabrous as in the other specimens cited. 
The pods are also of relatively shorter length in general, but some have long 
pods; and short pods are not uncommon in plants from other regions. In 
other characters these plants agree exactly with plants from other regions 
except one specimen, T. Tang & W. Y. Hsia 459 , that has leaves puberulous 
throughout on both surfaces and rather conspicuously so on the low r er sur¬ 
face. It appears that a form geographically located in eastern China and 
cultivated elsewhere is represented. As Bunge described the species from 
plants cultivated in Peiping, it may be that this pubescent form is the typi¬ 
cal form of the species while plants from other parts of China represent 
another form. However, it is felt that any attempt to divide this species into 
forms or varieties should be based on actual observations of living specimens 
in the field. 

This species, like Cercis raeemosa Oliver, is cultivated in Europe and in 
various parts of the United States, being hardy as far north as the southern 
part of Massachusetts. 

4. Cercis Chingii Chun, Jour. Arnold Arb. 8: 20. 1927 ; Rehd. & Wilson, 
Jour. Arnold Arb. 8: 127. 1927; Chun in Hu & Chun, Ic. PI. Sin. 2: pi. 82. 
1929, Sunyatsenia 1: 253. 1934. 

Cercis chinensis sensu Dunn & Tutcher, Kew Bull. Add. 8er. 10: 90. 1912; non Bunge. 

Anhwei: East of Hweichow city, R. C. Ching 3332 (type), Sept., 1925, 
a fairly common gregarious shrub along roadsides in the open. Also recorded 
from northern Kwangtung (Chun, l.c., 1934). 

In its general habit, this species closely simulates Cercis chinensis Bunge. 
It is characterized by the thickly coriaceous pod, which is not winged at the 
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margin, but is dehiscent, and its valves somewhat twisted, when mature. 
The seeds are few (3-6), about 7-8 mm. long and 4-5 mm. wide, and 
imbedded in a thick whitish spongy tissue. 

Chun says that ‘‘According to the late Dr. Stapf, some other genus 
might be represented. The dehiscent pod of the species is anomalous in 
Cercis However, it is noted that in some very mature fruits in Cercis 
chinensis Bunge, the pods also dehisce along one or both margins (examples: 
Wilson 761 and K. M. Feng 2666 cited under Cercis chinensis Bunge above). 

5. Cercis pauciflora Li, sp. nov. Frutex, ramulis cinereis, ramulis novel- 
lis brunneis, elenticellatis; foliis chartaceis, longe petiolatis, subtriangu- 
lariter ovatis, 4-6 cm. longis, 5 cm. latis, acutis vel acuminatis, basi truncatis 
vel leviter subcordatis, supra viridibus, subtus pallidioribus, utrinque gla- 
bris, nervis primariis 5-7, gracilibus, supra subconspicuis, subtus elevatis, 
rete venularum utrinque subconspicuo; petiolo gracile, 2-2.7 cm. longo, 
apice leviter dilatato; floribus axillaribus cum foliis coetaneis, in ramis 
biennibus vel vetustioribus dispositis, 1-3-fasciculatis, bracteis ovatis 
minutis, 1.5 mm. longis, margine pubescentibus, pedicellis brevibus, saltern 
3 mm. longis, glabris; calycis tubo cupuliformi, 4 mm. alto, 3 mm. lato, plus 
minusve irregulariter 5-lobato, lobis rotundatis, 1 mm. diametro, margine 
ciliatis; corolla rubra, vexilli ungui lineari 3 mm. longo, lamina reflexa 
oblongo-elliptLa 4-5 mm. longa, maculis atrorubris adspersa, alis forma 
magnitudine similibus, patentibus, emaculatis, carina cymbiformi, apice 
rotundata, 1.1 cm. longa, ungui gracili brevi; staminibus 10, filamentis 
liberis, 8-9 mm. longis, antheris atrorubris; ovario plus minusve lineari, 
3-4 mm. longo, glabro, stylo 6-7 mm. longo, stigmate inconspicuo. 

Szechuan: Mount Omei, Y. S . Liu, 1700 (type), Oct., 1937, a shrub, alt. 800-1600 
in., in flower. 

In its vegetative characters, this species is characterized by the relatively 
small, subtriangular-ovate leaves. It differs from Cercis chinensis Bunge, in 
addition to its vegetative characters, in the fewer (1-3) flowers in each 
cluster with much shorter pedicels (scarcely 3 mm. long). In Cercis chinensis 
Bunge the flowers are usually 4-10 or more together and the pedicels 1.5-3 
cm. long. Moreover, the calvx-tube of C. chinensis Bunge is broadly open 
above with more or less triangular lobes which are generally not ciliate along 
the margins; while in this new species the calvx-tube is not broadened above, 
and its rounded lobes are distinctly ciliate along the margins. This new 
species is furthermore characterized by the fact that the flowers appear in 
the fall when the leaves are fully mature. This autumn flowering may be or 
may not be a regular condition, but nevertheless, the other characters of the 
plant indicate that an undescribed species is represented. 

Arnold Arboretum, Harvard University 
Jamaica Plain, Massachusetts 
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A PRELIMINARY CONSIDERATION OF THE BIOSYSTEMATY 

OF OXYCOCCUS 

W. H. Camp 

The cranberries are a compact group of the Vaccinieae, with a circum- 
boreal distribution. Any decision whether they should be treated as the 
separate genus Oxycoccus, or as a section, or subgenus of Vactinium, must 
await a more thorough investigation of the phytogeny of the entire group 
than is now available. Certainly, if this group is to be recognized as a genus, 
then a number of genera should be segregated from within what is now the 
widespread and polymorphic genus Vactinium. The fact that the name Oxy - 
coccus has been used in the present title and discussion does not necessarily 
indicate that I have come to a personal decision on the matter; it was done 
primarily because the group is so treated in the majority of current Euro¬ 
pean and American works. 

For well over a decade I have been attempting to arrive at some satis¬ 
factory solution of the problems which the systematics of even this small 
group presents. During this time, several papers of considerable interest 
have appeared. One of these, by Porsild (1938), was a taxonomic treatment 
of the Canadian material, although it actually dealt with all recognized 
species. The other, by Hagerup (1940), contained a cytological analysis of 
the European populations, and something of their ecology. Recent work on 
certain American materials (Darrow, Camp, Fischer & Dermen, in prepara¬ 
tion, brought to light additional information which warranted a further 
discussion of the group. 

In his systematic treatment, Porsild recognized four species and one 
variety. An additional entity—“gigas”—was noted by Hagerup. 1 By com¬ 
bining these two treatments with the findings of the chromosome comple¬ 
ments of American material as repdrted by Darrow, Camp, Fischer & Der¬ 
men, the following cyto-taxonomic picture of the group may be obtained: 


Oxy coccus macrocarpus (Ait.) Pers. 2n = 24. 

Oxycoccus microcarpus Turez. 2n = 24. 

Oxycoccus quadripetalus Gilib.—“typical” material . 2n = 48. 

Oxycoccus quadripetalus var. microphyllus (Lange) M. P. Porsild 2n = 48. 

Oxycoccus ovalifolius A. E. Porsild 2 . 2n = 48. 

Oxycoccus “gigas” . 2n - 72. 


i Although Hagerup treated this entity as a binomial in the text, it was not set up in 
a manner entirely satisfactory to the present Rules of Nomenclature; where used in this 
discussion, the name will appear in quotation and without italics. 

« Based on Vaceinium oxycoccus var. ovalifolium Michx., considered by Porsild -fol¬ 
lowing a former decision of Robinson & Fernald (Rhodora II: 54. 1909.)—to be an earlier 
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Having previously made field observations of the material in eastern 
North America, the mid-continent area, and in British Columbia, and thus— 
with the exception of 0. microcarpus —having seen considerable amounts of 
the entities listed for North America growing under natural conditions, I 
was in general accord with Porsild’s treatment when it appeared. However, 
the recent findings of the cytological condition within the cranberries— 
together with an increased understanding of the factors of speciation in the 
Vaccinieae in general—have led me to a preliminary consideration of the 
biosystematy of the group, the results of which are presented here. A defini¬ 
tive report must await the accumulation of considerably more data than are 
now available. In reviewing the situation, the following items should be 
noted, for they have played a prominent part in the interpretation of specific 
lines: 

1. A considerable amount of controlled breeding work indicates that 
there are almost no sterility barriers between homoploid individuals and 
species in Vaccinium subgenus Cyanococcus (Darrow & Camp, in prepara¬ 
tion). While it does not necessarily follow that the same situation is equally 
true in Oxycoccus, there are reasons to believe that such is the case. 

2. A species which has arisen either through allopolyploidy or by hybrid¬ 
ization is likely to be highly segregative. With time, various of the-segregate 
forms may be differentially selected by environmental forces; that is, the 
segregate forms may be unequally successful in various habitats. A recent 
paper by Camp & Gillv (1943, p. 342-348) may be consulted for a more 
detailed discussion of the origin and development of alloploidic and mictonic 
species. 

In reviewing the North American material, it is obvious that the diploids 
(0. macrocarpus and O. microcarpus) are easily separable, each reasonably 
homogeneous and, today, distributionallv disjunct. On the other hand, when 
sufficient material is examined, the tetraploids are found to be variable, and 
to intergrade to the extent that the entities defined would seem to have 
doubtful significance; certainly, they are difficult to separate with any 
degree of precision. As a group, the American tetraploids not only occupy 
the region between the present diploids, but also overlap the ranges of both 
to a considerable extent. It is also considered to be significant that the bulk 
of the tetraploid population combines the characters of both diploids, 
whereas the extremes tend toward one diploid or the other, thus fulfilling 
the expected variability of a segregative population. 

Since it seems likely that the individuals of the tetraploid population are 
interfertile and, as will be pointed out later, there is evidence that no more 

name for Vaccinium oxy coccus var. intermedium Gray, a plant supposed to be of the 
American Pacific Northwest and northeastern Asia. It is doubtful whether a careful re¬ 
analysis of the tyjies would indicate that they were precisely equal. Porsild’s paper may 
be consulted for the general synonymy of the group. 
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than a generalised geographic segregation has taken place among them, it is 
thought best to consider them as members of a single species. The two 
diploid populations will be treated as distinct species. In order to expedite 
our later discussion, brief descriptions of the more easily visible diagnostic 
characters of these species are presented here together with a summary of 
their distributions, these given in detail only for North America. 

Oxycoccus macrocarpus (Ait.) Pers. A diploid species (2n= 24). 

Leaves flat or only slightly revolute, elliptic-oblong, apically rounded, 
5-15 mm. long, 2-8 mm. wide. Flowers 2-6, solitary in the axils of the lower 
bracts or basal leaves of a normal leafy branch. Pedicels pubescent, bearing 
a pair of green bracts above the middle, or even subtending the fruit; bracts 
usually leaf-like, 2-4 mm. long (forms are known with minute, red, scale-like 
bracts 1.5 mm. long). Calyx lobes triangular-acute, sometimes obtuse. Fruit 
10-20 mm. thick, generally deep pink to red, tartly acid. 

Distribution: North America; estab. in Europe, probably first as a ballast 
waif, sometime prior to 1869. In North America: Minnesota, eastward to 
Newfoundland, south to Tennessee and North Carolina; reported by Small 
(Man. 1933) from Arkansas. Extensively cultivated in eastern North 
America and to some extent along the Pacific coast, where it is said to have 
escaped. 

Oxycoccus microcarpus Turcz. A diploid species (2n = 24). 

Leaves strongly revolute, ovate when flattened, apically pointed, 2-6 mm. 
long, 1.5-2 mm. wide. Flowers 1-2(3), in a determinate inflorescence, the 
result of abortion of the vegetative portion of the branch. Pedicels glabrous, 
bearing a pair of red bracts below the middle; bracts scale-like, 0.5-1 mm. 
long. Calyx lobes relatively short, rounded to obtuse, or sometimes mucro- 
nate. Fruit 5-7 mm. thick, pink, insipid. 

Distribution: Iceland, Europe, Asia, and northwestern North America; 
unknown from Labrador and Greenland. In North America: Alaska to 
British Columbia and Alberta (Queen Charlotte Isl., and in the nits, to about 
51° Lat.), eastward to northern Saskatchewan and parts of the Northwest 
Territories. Reported by Porsild from the east shore of Hudson Bay. 3 

0. quadripetalus Gilib. A tetraploid species (2n = 48). 

Leaves flat to strongly revolute, narrowly to broadly elliptic-ovate, api¬ 
cally acute to obtuse, or rarely somewhat rounded, 2-10 mm. long, 1.5-5 mm. 
wide. Flowers (l)2-3(4) in a determinate inflorescence, or at the base of a 
weak branch which soon dies, or at the base of a strong vegetative branch 
which continues growth. Pedicels pubescent (sometimes obscurely so), bear¬ 
ing a pair of red bracts below, at, or above the middle; bracts scale-like, 
0.7-1.5 mm. long. Calyx lobes variable, generally obtuse or mucronate, some¬ 
times rounded, or occasionally triangular-acute. Fruit 7-13 mm. thick, pink, 
or pink flecked with red dots or stripes, or sometimes red, sub-acid to acid. 

Distribution: Europe, Asia, North America, and Greenland; unknown 
from Iceland. In North America: Alaska, eastward to Great Slave Lake and 


a Although a logical extension of range, this material may yet prove to be a ** micro- 
carpoid 9 9 segregate of O. quadripetalus , the common form in Labrador and Greenland. 
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Labrador, south to n. California, n. Idaho, Minnesota, ne. Ohio, and New 
Jersey. 

Since Porsild recognized two species (one with a variety) in what I now 
consider to be a single tetraploid species, it would be well to discuss this 
material in some detail. In the first place, one must assume from his discus¬ 
sion and key that the lack of a well developed pubescence on the pedicel and 
a relatively large leaf were the more important factors in the recognition of 
0. ovalifolius. In examining a fairly large series of plants I find some which 
answer the description of this species as delimited, but even in the Pacific 
Northwest much of the material has a conspicuous pedieellarv pubescence 
and would seem better placed in the largo-leafed phase of 0. quadripetalus. 
Therefore, it would seem more expedient not to maintain 0. ovalifolius as a 
species. 

Let us consider, then, the entire tetraploid population and determine 
whether it can be broken down into subsidiary segments. If it can—and if 
the population is segregative—there should be a series of recognizable mor¬ 
phological groups. But first as to the method of analysis. Since the tetraploid 
population apparently has been derived in some manner from a combination 
of the diploids, we may legitimately use the contrasting characters of the 
diploids in making our separations. Among the more conspicuous of these, 
the following might be listed: “basal” vs. “determinate” inflorescence, 
“large” vs. “small” leaf, 4 pubescent vs. glabrous pedicels. It is naturally 
a matter of opinion whether these are the most important characters, but 
they are as obvious as any and will suffice to begin the study. 

Although individual specimens may occasionally give trouble, the bulk 
of the tetraploid material can be easily separated into two groups, one with 
a “ maerocarpoid ” inflorescence, the other with a “microearpoid” inflores- 
ceiice.' 1 Likewise, although somewhat more arbitrary, there are such marked 
differences in leaf size and shape that each of the groups already set up 
can be divided into “large-leafed” and “small-leafed” subgroups (again, 
“maerocarpoid” vs. “microearpoid”). Since, by definition, the pedicels of 
this material are never completely glabrous, a further “maerocarpoid” vs. 
“microearpoid” separation can be made only on the basis of dense pubes¬ 
cence vs. scattered or obscure pubescence. Again, by using arbitrary limits, 
additional separations may be made. Thus, if a sufficiently large amount of 
material is available, eight reasonably distinct classes of segregate forms may 

* The terms * 1 large 1 ’ and * ‘ small ’ f as used here in reference to the leaf do not mean 
size only; in this instance, differences in length-width ratios, and relative amount of sur¬ 
face involved in the revolute margin, as well as the actual over all surface area, arc 
the determining factors in the separation of the “ large” (** maerocarpoid J ’) an« 

4 4 small * f (* * microearpoid 9 ') leaf types. 

» A number of years ago, Fernald (1902) called attention to this type of variation. 
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be recognized, each yielding to identification by a key no more complicated 
or difficult than that used in the differentiation of many species. 

Nor are the foregoing the only characters which might have been used. 
Among the items which are equally diagnostic of the basic diploids under 
detailed examination, and which certainly should be used in any future 
critical and definitive analysis, are the following: (1) length-width ratio of 
the corolla lobe; (2) type and distribution of pubescence on the anther fila¬ 
ment; (3) the relative exsertion of the style at an thesis; (4) the shape of 
the calyx lobe; (5) the presence or absence of—and the relative canspicuous- 
ness of—the tuft of hairs at the apex of the calyx lobe; (6) the percentage 
of total surface involved in the revolute leaf margins; (7) the shape of the 
leaf apex; and even (8) the basic color and type of mottling on the fruit. 
With a brief search in any considerable amount of tetraploid material, indi¬ 
viduals can be found which exhibit almost any combination of these charac¬ 
ters. It is therefore obvious, when viewed in its entirety, that the tetraploid 
population has considerable morphological variability, indicative of a high 
degree of genetic segregation. 

Our next problem is to determine whether sufficient selection pressure 
has been exerted on this segregative population to yield segments worthy of 
nomenclatural recognition. Frankly, I see no need to force the issue to its 
ultimate limits; the character of a segregative complex is such that we would 
soon find ourselves involved with the plants of a single locality, or even with 
individuals. Let us, therefore, for the present, pass over the lesser segregative 
groups and concentrate on the more generalized types, permitting a certain 
degree of complexity in each. We can, for example, consider the broadly 
defined ‘ ‘ macrocarpoid 99 group of segregates—those with basal inflores¬ 
cences, generally large and only slightly revolute leaves, and relatively 
pubescent pedicels—and, as a unit, consider its distribution. At first glance, 
it appears to be scattered, yet a closer examination reveals that it becomes 
a more prominent component of the tetraploid population as one goes south¬ 
ward. 6 Nor is it limited to the Pacific Northwest and northeastern Asia, with 
a few casual outliers in mid-continent North America, as was originally 
supposed. In some restricted areas in eastern North America it appears to 
be the dominant form; and in New Jersey, at the southern limit of its range, 
it makes up about half of the general population. Conversely, although the 
“microcarpoid ,, segregates are notably concentrated along the northern 
margin of the tetraploid population, excellent examples are known from as 
far south as Long Island, N. Y. Much the same situation prevails in the mid- 
continerit area and in the Pacific region where occasional “microcarpoid” 
plants may be found near the southern border of the complex. 

6 An excellent example of the 1 i macrocarpoid > ’ phase of 0, quadripetalua from 
California—labeled **0. macrocarpos’ ’ —may be found illustrated in a recent paper by 
Dayton (1938). 
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It is therefore apparent that the selective forces which brought about the 
geographical disjunction of the diploid populations of 0 . macrocarpus and 
Q. microcarpus have also been operative within the tetraploid population. 
That the “macrocarpoid” and “microcarpoid” phases of the tetraploid have 
not achieved a greater degree of regional concentration and geographical 
isolation is probably to be explained by the fact that neither is genetically 
pure, each having a little of the other in its hereditary make-up. This may 
also explain why the tetraploid, 0 . quadripetalus, while occupying a much 
larger territory than either of its diploid ancestors, seems never to have been 
able to venture quite as far north as 0 . microcarpus, nor quite as far south 
as O. macrocarpus. 

Let us now turn to the subspecific nomenclatural situation in 0. quadri¬ 
pe talus. Because of its small leaves, there is a strong inclination to associate 
the “microcarpoid” phase with var. microphyllus . By arbitrary methods, 
the large-leafed phase (if limited to a “microcarpoid” type of inflorescence) 
might be taken to be the “typical” material. Using similar methods, -we 
might conclude that var. ocali folium 7 was the equivalent of the “macro- 
carpoid” phase. However, to follow such a nomenclatural scheme with any 
degree of precision would necessitate the re-examination of type specimens, 
a thing which is impossible under present conditions. Furthermore, even if 
a complete set of type specimens were available the problem would not be 
solved, for the complex nature of the tetraploid population—if we were to 
approach it in any critical manner—would preclude any but a most compli¬ 
cated nomenclature. Because of this fact, I would suggest, at least for the 
present, if the binomial Oxycoccus quadripetalus is not sufficient for some 
particular purpose, that there be appended to it some term as the “macro- 
carpoid phase,” the “microcarpoid phase,” or the “median phase,” depend¬ 
ing upon the more obvious of the morphological characters exhibited by the 
material. Thus any possible nomenclatural errors resulting from a hasty 
application of names would be circumvented, until such time as the type 
specimens are again available. In fact, even then, I cannot see where much 
is to be gained by attempting to make too fine subspecific nomenclatural dis¬ 
tinctions in this particular population. To increase the subspecific names to 
what appears to be a critical minimum would require considerabllv more 
material than is now available in herbaria, or is likely to accumulate in the 
near future and, even then, to do so might needlessly encumber the nomen¬ 
clature of the species. On the other hand, to use the three most obvious sub¬ 
specific groups, mentioned here as possibilities in O. quadripetalus, would 
simplify nomenclatural matters once the types were ascertained. But it must 
be admitted that such a procedure would result only in a broad systematic 
generalization lacking in critical details. 

7 The combination, as a variety, seems never to have been made in Oxycoccus; hence 
the “wm ,, rather than the “us” ending. 
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Thus far, we have been dealing only with the North American material 
of 0. quadripetalus. Although the specimens available to me from outside 
this region are not overly abundant they are sufficient to make certain obser¬ 
vations. On examining all the available material of this species one thing was 
obvious: it could be separated with relative ease into the 44 macrocarpoid 
phase / 8 9 the 44 median phase/’ and the 44 microcarpoid phase/’ not only in 
North America, but also in northeastern Asia, north-central Asia, and 
Europe. 8 It is therefore apparent that the population of 0. quadripetalus 
is contant in one characteristic: it is highly segregative throughout its 
range . 9 

Having made some attempt to clarify the general picture of the two 
diploid species and the derived tetraploid, we may now turn to a discussion 
of the apparently sterile hexaploid, 44 gigas.” The sterility of 44 gigas” ap¬ 
pears to be caused by aberrancies during meiosis resulting in abortive pollen. 
So far, according to Hagerup, this material is known only from scattered 
stations in Denmark, Finland, and East Prussia. In looking back over my 
own field work in North America, I can recall occasional plants similar to 
0. quadripetalus, but somewhat coarser than usual, which seemed to be 
unfruitful. In going over the herbarium material, additional specimens have 
been found whose vegetative parts closely match those of the hexaploid plant 
illustrated by Hagerup. In various instances, these were either in flower 
( 44 gigas” flowers freely) or, if collected late in the season, bore no fruit. 
It is therefore probable that hexaploid plants are not unique in Europe, but 
also occur sporadically throughout the range of 0. quadripetalus in Asia and 
North America. 

Hagerup was somewhat of the opinion that these hexaploid plants were 
the insult of hybridization between individuals of the tetraploid 0. quadri¬ 
petalus and the diploid 0. microcarpus. Based on studies of the origin of 
hexaploids in Vaccinium (Camp 1942a; and Camp, in press), it would seem 
unnecessary to suppose that this is the case. In fact, it is unlikely. For the 
most part, the hexaploids of Vaccinium apparently have been derived out of 
tetraploid populations, sometimes highly heterozygous in nature. The me¬ 
chanics seems to be the fusion of a normally reduced gamete with a lion- 

8 Something of the morphological complexity of the European population may be 
gleaned by consulting a series of papers by Gleisberg (1919, 1922a, 1922b). A con¬ 
tinuation of such analyses today would necessitate co-ordinate cytological studies, for 
Gleisberg considered microcarpus to be only a varietal manifestation of the tetraploid 
population, nor did he know of the presence of the hexaploid “gigas. ” 

9 On casual observation, one population would appear to be an exception; this is the 
material from Greenland, which seems to be mostly * 1 microcarpoid . y y This, however, 
is no more than might be expected. Even so, after careful examination, it appears that 
there is considerably more variability in fundamental characters such as length-width 
ratios of the ldaves, shape of the leaf apex, shape of the calyx lobes, and relative 
pubescence of pedicels than ihight have been anticipated, leading one to suspect that a 
larger series of specimens might uncover further segregate forms. 
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reduced gamete, thereby directly yielding a hexaploid individual. Nor would 
it seem necessary to speculate, as did Hagerup, on the problem of the dis¬ 
persal of such material. There is ample evidence in Vaccinium that it is a 
repetitive process, and I see no reason to suppose that it happened only once 
in Oxycoccus, although it is admittedly interesting to consider the possi¬ 
bility of the European hexaploids as being parts of a single, widely dispersed 
clone. 1 fully expect that additional eytological work in Asia and North 
America will reveal other hexaploids. In fact, we should not be surprised 
if some of them prove to be fertile. 10 

There is perhaps one last point which might be brought up. That is the 
possible phyletic development within the group here under discussion. Of 
the known living diploids, 0. macrocarpus seems to have retained the great¬ 
est number of primitive characters; in addition, it still persists in the region 
of the Southern Appalachian Mountains of North America, that great reser¬ 
voir of Tertiary archetypes. 11 It is easy to suppose that 0. microcarpus was 
derived directly from 0 . macrocarpus through reductions and tissue read¬ 
justments, the result of a series of mutations. The end product was a popula¬ 
tion considerably different from the ancestral form and able to migrate into 
new areas and persist under conditions which excluded the archetype. 12 This 
is an example of primary speciation. 1 ^ 

In considering the origin of the tetraploid population, there is no need 
to build up any complicated hypothesis as to its possible ancestors, for it 
exhibits no morphological characters which are not present in the two exist¬ 
ing diploids. Therefore, we might conclude that it has arisen by a compound¬ 
ing of the heredities of 0 . macrocarpus and 0 . microcarpus. We have only 
to discuss the mechanics of its origin. Two alternative methods seem most 
likely: 

1. Subsequent to the disjunction of the two diploid species, they were 
brought together along their margins by some climatic factor which forced 
a partial readjustment in range. Where they met, hybridization took place. 

Throe American species of Vaccinium are known to be hexaploid and completely 
fertile (Harrow & Camp, in preparation; and Camp, in press); in fact, about half of 
the acreage of the present commercial plantings of blueberries in the United States is of 
hexaploid material. 

i^It is in this region where one also finds the relatively primitive Vaccinium 
crythrocarpum Miehx. (- Schollera crylhrocarpa Steud.; = Oxycoccus crytlirocarpus Pers.; 
= Oxycoccoidcs crytlirocarpus Nakai; - Hugrria crylhrocarpa Small) an erect shrub with 
deciduous leaves, but with a type of flower quite similiar to that of C . macrocarpus . In 
the first paragraph of this paper it was mentioned that much yet needed to be done to 
establish satisfactory generic lines within the Vaccinieae. 

is The advantages of a low-growing plant under subarctic conditions, where the 
ground may be swept almost free of snow, and where there is considerable browsing by 
large animals, has been mentioned in another place (Camp 1942b, p. 223, footnote 21). 

I 3 The differences between primary and secondary speciation were briefly discussed in 
a previous paper (Camp 1942a). 
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Then, out of this hybrid population there arose a series of fertile allotetra- 
ploids. After this, another shift in climate took place which again separated 
the diploids, leaving the allotetraploid population in possession of the area 
where it arose. This would be the nuclear population out of which the present 
0. quadripetalus has spread. 

2. After the geographic disjunction of the diploids, autopolyploids arose 
in each, forming effective independent reproductive tetraploid populations. 
That derived from 0. microcarpus would have been less effective in the far 
North than the diploid because of its larger size, and so might have persisted 
as an effective population by migrating southward. Thus the tetraploids of 
0. microcarpus could have come into contact with those of 0. macrocarpus 
and hybridized with them, the result being the nuclear element of the pres¬ 
ent population of 0. quadripetalus. 

Prior to a more careful analysis of the situation, it is difficult to deter¬ 
mine which of these methods was responsible for the origin of 0. quadri¬ 
petalus , for either would be likely to yield a population which was poten¬ 
tially segregative and superficially quite similar in appearance. A recent- 
paper by Dermen and Bain (1941) indicates that polyploid material can be 
experimentally produced in 0. macrocarpus. It might be supposed, if poly¬ 
ploids can be induced with a certain degree of ease, that they are likely to 
occur in reasonable abundance under natural conditions, not only in 0. 
macrocarpus , but also in O. microcarpus. This has not yet been found to be 
the case for either. 14 However, the apparent absence of autotetraploids might 
be explained by assuming that they are “absorbed’’ by the tetraploid 0. 
quadripetalus population about as fast as produced, since this species covers 
so mqch of the ranges of the diploids. This hypothesis might also be used to 
explain the concentration of the ‘*microcarpoid ’’ forms along the northern 
border of 0. quadripetalus , and the similar concentration of “maeroear- 
poid” forms along its southern border. But, since O. macrocarpus is limited 
to eastern North America, this does not at all serve to explain the presence 
of the strong << macrocarpoid ,, element in the material of 0. quadripetalus 
in western North America, Asia, and Europe; nor will it account for the 
even stronger * ‘ microcarpoid ’’ element of 0. quadripetalus in Labrador and 
Greenland, where 0. microcarpus appears to be absent. 

Conversely, when the two diploids are examined critically, examples may 
be found which indicate that these two populations, at some time, have 
exchanged genes. While by no means overly common, examples of 0. macro- 

14 Hagerup found no tetraploids in the European material of 0. microcarpus. In 
the case of 0. macrocarpus , we feel rather certain of our conclusion. Since this species 
is the standard commercial cranberry, it has been selected from the wild and extensively 
cultivated and bred in North America for many years. Naturally, the plants brought into 
cultivation were selected for^their vigor, fruitfulness, and size of fruit, characteristics 
which, in the Yaccinieae, we have learned to associate with polyploidy. No single com¬ 
mercial variety of 0. macrocarpus has yet been found to be other than diploid. 
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carpus are known with “ microcarpoid ’’ pedieellary bracts, others have 
atypical length-width ratios in the leaves, leaf apices which are 4 ‘micro- 
carpoid/’ or obtuse or mucronate calyx lobes. By the same token, 0. micro¬ 
carpus is not completely homogeneous; some individuals have atypical 
length-width ratios in the leaves, some have blunter leaf apices than normal, 
and some have mucronate calyx lobes; and one plant was found with an 
almost “ macrocarpoid 9 7 type of inflorescence. Of course, it might be sup¬ 
posed that this is a residual condition in both; that is, a situation wherein 
the genetic segregation was not yet complete when the original geographic 
disjunction took place. However, on the basis of the material available, the 
aberraneies in O. microcarpus seem to be most pronounced in the North 
American population. In my opinion, this points to a period of hybridization 
along the margins of the ranges of the diploids subsequent to a period of 
geographic isolation and stabilization, rather than a condition of residual 
genes. It would have been during such a period when a population of allo- 
tetraploids could have arisen out of the hybrids. I therefore favor the 
hypothesis that 0. quadripctalus is a segregative allotetraploid. 

But no matter what may ultimately be found to be the method of origin 
of this tetraploid population, I should like to emphasize one point. It is not 
my opinion that 0. quadripctalus is a species of recent origin, except in 
comparison to the age of the diploids. Its present wide distribution would 
indicate that it arose prior to the Pleistocene, at a time when the continental 
masses of Europe, Asia, and North America were more closely connected. 
Furthermore, it seems likely that this tetraploid arose on what is now the 
North American segment of Holarctica, migrating from there into Europe 
by way of northern Asia. It would therefore seem logical to suppose that the 
primary divergence of the diploids must have been in progress in what is 
now North America at an even earlier date, probably not later than the 
mid-Tertiary. 

sitmmary 

Recent work indicates that the cranberries, a group of the Vaceinieae 
commonly recognized as the genus Oxycoccus, occur as diploids, tetraploids, 
and hexaploids. Today, the diploids exist as two geographically disjunct 
populations, on the whole easily separable by a series of well-marked mor¬ 
phological characters. The southern diploid species, 0. macrocarpus , limited 
to North America, appears to be the basic form, and 0. microcarpus the 
derivative which, since, has achieved a wide distribution in high, northern 
latitudes, being in North America, Asia, and Europe. 

A third population, essentially circumboreal in distribution, is known to 
be present; it is tetraploid and combines the characters of the two diploids. 
Although considerably segregative—so much so that various species, varie¬ 
ties and forms have been previously described from within it—there is no 
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evidence that any of the segregate types, even as aggregate groups, have 
achieved sufficient geographical or ecological disjunction to be worthy of 
more than subspecific recognition. Therefore, it seems best to treat this 
tetraploid population as a single species—0. quadripetalus. Although there 
is evidence that certain of these groups have attained a degree of differenti¬ 
ation as a result of selection, it is doubtful whether more than a simplified 
subspecific nomenclature would be of value, and even this could not be 
applied in any really critical manner. A more detailed analysis—possibly 
resulting in a complex and cumbersome nomenclature—should not be under¬ 
taken until considerably more material and information is available concern¬ 
ing this population from its entire distribution. 

Although hexaploid material is known from Europe, it seems not yet to 
have been given satisfactory nomenclatural treatment. So far, only isolated, 
sterile, hexaploid plants are known. Since they appear to have been derived 
directly out of the tetraploid and, on the basis of those studied, are dis¬ 
tinguishable from it primarily by their larger size, there seems to be no 
logical reason—should the need arise—why these forms could not be nomen- 
claturally appended to 0. quadripetalus. However, as was pointed out, there 
is ample evidence from Vaccinium that hexaploids in the Vaccinieae can be 
completely fertile. Should future work in those areas in Europe, Asia, and 
North America where hexaploids are known, or suspected, reveal the pres¬ 
ence of fertile plants in the process of building up an autonomous popula¬ 
tion, there would then be reason for the recognition of such hexaploid 
material as a valid species. 

The New York Botanical Garden 
New York 
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OCCURRENCE AND DISTRIBUTION OF THIAMINE, RIBO- 
FLAVIN, AND NIACIN IN AVENA SEEDLINGS 1 

Ilda McVeigh 

Certain of the B vitamins have been found to increase during the early 
stages of germination of cereal grains (Burkholder and McVeigh 1942). 
The object of this study is to correlate the changes in vitamin content of 
Avena seedlings at various stages in germination with changes in dry 
weight; also to determine the content and distribution of these vitamins in 
the organs of the seedling at successive stages in germination. The study was 
restricted to thiamine, riboflavin, and niacin, since they are known to func¬ 
tion as parts of enzyme systems, and are therefore likely to be causally asso¬ 
ciated with cell division and enlargement. 

Because the young Avena plant is so often employed as the test organism 
for growth hormones, it has been the subject of many investigations. Its 
cellular development, particularly that of the coleoptile, is now 7 w 7 ell under¬ 
stood (Avery, Burkholder & Creighton 1937). A study of the presence and 
distribution of physiologically active substances within the developing plant 
has been made in an attempt to determine the effect of these substances on 
the development of the plant. 

According to Avery, Burkholder and Creighton (1937) cell division in 
the embryonic Avena coleoptile starts within 24 hours after the seeds are 
placed under suitable conditions for germination, and continues with appre¬ 
ciable though diminishing intensity until the coleoptile is about 10 mm. 
long, or until about the third day of germination. As long as cell division 
persists, it goes on with equal intensity throughout the coleoptile. Further 
growth is due almost entirely to elongation of cells. 

Thimann (1934) reports that the amount of auxin in the Avena coleoptile 
decreases steadily with distance from the tip. The concentration of auxin 
per unit length of the root tip is somewhat less than in the coleoptile tip, 
but is about the same in the root base as in the coleoptile base. The decrease 
with distance from the tip is comparable in the two organs, and indicates, 
according to this author, that the auxin is produced in the tip. The concen¬ 
tration of the auxin within the first leaf is ten times that of the coleoptile 
tip (Thimann and Skoog 1940). 

1 This study* was made at Connecticut College for Women, New London, Connecticut. 
The author expresses appreciation to Dr. George 8. Avery, Jr., for making possible this 
investigation and for helpful criticism during the preparation of the manuscript. 
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The endosperms of germinating seedlings of Avena contain no ascorbic 
acid (Clark 1937). The coleoptiles of the same seedlings contain 0.54 
mg./gm. fresh weight. Ascorbic acid is formed in the coleoptile, accumu¬ 
lating in the tip more than in other parts. This may mean that synthesis 
occurs at the tip, as is true of auxin. The precursor of ascorbic acid is prob¬ 
ably moved from the seed and made active at the tip of the coleoptile. 

Peptidase determinations were made on segments of Avena coleoptiles 
of various ages by Avery and Linderstr0m-Lang (1940). Peptidase activity, 
reduced weight, and cell number, when measured per segment, were found 
to decrease in progressively older coleoptiles. For any given coleoptile of 
4 mm. or more in length, enzyme activity per unit weight of tissue or per 
cell is consistently greater at the tip. 

A considerable amount of evidence concerning the occurrence and dis¬ 
tribution of physiologically active substances in the Avena seedling, par¬ 
ticularly in the coleoptile, has accumulated. Also there is a considerable 
amount of knowledge concerning the cellular behavior in these seedlings. 
The exact relationship between these physiologically active substances and 
cell division, cell enlargement, and differentiation remains to be determined. 

MATERIALS AND METHODS 

Victory oats (Avena saliva var. “Victory,” obtained from Mr. Marshall 
Kumsey, Batavia, N. Y.) were grown on moist filter paper in large Petri 
dishes or culture dishes. These were placed in a dark room where tempera¬ 
ture and relative humidity were maintained at 25° C and 88-90 per cent. 
One set of seedlings was exposed to greenhouse conditions during the day. 

At daily intervals whole seedlings were harvested, counted, and dried 
in an oven at 70° C for 12 hours. Other plants were harvested, counted, and 
each divided into four parts: (1) endosperm, (2) coleoptile, (3) leaves, and 
(4) root system plus the first internode. After harvest separate organs were 
desiccated in the same manner as the entire seedlings. All material was 
preserved in the dry state over calcium chloride in a desiccator until the 
assays could be made. The material was ground fine in a glass mortar and 
extracts were made. For entire seedlings and the endosperms of various 
stages, 0.5 gm. samples were used. Each sample was autoclaved in 20 ml. 
of 1 N H 2 S0 4 and the final volume of each extract was 30 ml. Glass-distilled 
water was used throughout, and the glassware was cleaned with chromic acid 
or calgonite solution, washed thoroughly, and rinsed in distilled water. 
The work was performed with the aid of filtered red light until the riboflavin 
determinations were completed. 

Thiamine activity was determined by the Phycornyces assay method, as 
described by Bonner and Erickson (1938). Riboflavin and niacin were deter¬ 
mined by the microbiological tests involving the use of Lactobacillus casei 
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and Lactobacillus arabinosus as described by Snell and Strong (1939) and 
Snell and Wright (1941). Thiamine tests were made in triplicate at one 
concentration level. Duplicate tests at each of four concentration levels 
were made for riboflavin and niacin. The amounts of extracts to be used 
were determined by preliminary trials and appropriate aliquots were se¬ 
lected, so that growth of the indicator organism would fall within a suitable 
range of response. The data are expressed as micrograms per gram of dry 
matter. 

RESULTS 

Seeds and Seedlings. Entire embryos were removed from one-day-old 
seedlings and the embryos and endosperms assayed separately. The ratio 
of the dry weight of the endosperm to the embryo is approximately one to 
fifteen. Assays revealed that the embryos at this stage of development con¬ 
tain, per gram dry weight, approximately 8 times the amount of thiamine, 
7 times the amount of riboflavin, and 12 times the amount of niacin found 
in the endosperm. Per seedling, the embryo contains approximately 50 per 
cent as much thiamine and riboflavin and 80 per cent as much niacin as the 
endosperm. 

To determine whether the high content of vitamins in the one-day-old 
embryos was due to a release or change of precursor into active form, 
brought about by soaking, unsoaked seeds and seeds from which the embryo 
had been removed were assayed. In removing the embryos from the dry 
seeds some portions of the endosperm were scraped away. Assays indicated 
that there is little or no change in the distribution of thiamine, riboflavin, 
and niacin in the embryo and endosperm during the first day of germina¬ 
tion. A comparison of the assays of entire unsoaked seeds with one-day-old 
seedlings shows little if any change in thiamine content, approximately 
10 per cent increase in riboflavin, and about 30 per cent increase in niacin. 

The average dry weight of the seedlings decreased from about 23 mg. to 
14.5 mg. during the 7 days’ growth in the dark (fig. 1). Per dry weight the 
thiamine showed a slight increase, bqt this was only an apparent increase, 
since the dry weight decreases during germination. When the thiamine 
content is calculated per seedling it is evident that there is little if any 
change. The riboflavin and niacin reached the maximum value after five 
days’ growth in the dark. Riboflavin increases approximately 13-fold per 
unit dry weight but only 8-fold per seedling. The most rapid increase 
in riboflavin occurs from the second to the fifth days. The apparent increase 
in niacin calculated per dry weight is nearly 9-fold but the actual increase 
is about 5.5 times. Niacin increases most rapidly during the first three days 
of germination, 

A set of seedlings gro^yn simultaneously with those just discussed, but 
exposed to greenhouse conditions during the day, was assayed after five 
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days’ growth. The results agree with those obtained from plants of the same 
age grown in the dark, except that the riboflavin values are much lower. 

Endosperm. During the seven-day period of growth the dry weight of 
the endosperm decreased from approximately 20 mg. to 2 mg. When calcu- 



TIME - DAYS 

Fig. 1. Thiamine, niacin, riboflavin, and dry weight per seed and seedling of Avena 
grown for different lengths of time on moist filter paper in Petri dishes. Per seedling the 
riboflavin and niacin content increase during germination while the thiamine content re¬ 
mains nearly constant. 

lated per gram dry weight, the three vitamins show considerable increases, 
but actually the stores of vitamins as well as food materials in the endosperm 
are depleted as the embryo develops (fig. 2). The riboflavin content of the 



4 5 
Thiamine, niacin, riboflavin, and dry weight of organs of Arena seedlings at succes 
sive stages in germination. Fig. 2. Endosperm. Fig. 3. Coleoptile. Fig. 4. Leaf. Fig. 5 
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endosperm is very low and changes very little during the 7 days’ growth 
period; the greatest decrease occurs between the fifth and seventh days. 
The thiamine content falls off most rapidly between the fourth and seventh 
days. The niacin content increases rapidly during the first two days and 
then decreases at about the same rate. This initial increase is probably the 
result of the change of some precursor into an active form. 

Coleoptile. The dry weight of the coleoptile increases from the second 
to the fifth day and then decreases (fig. 3). Per coleoptile thiamine increases 
slightly from the second to the fourth day and then decreases slowly. The 
riboflavin content per organ more or less parallels the change in dry weight 
during the first five days. The greatest increase in niacin occurs during the 
first three days. 

Leaf. From the second to the seventh day the thiamine, riboflavin, and 
niacin content per leaf increases approximately 9-fold, 10-fold, and 7-fold 
respectively (fig. 4). During this period the dry weight increases about 
10 times. Since the dry weight is increasing as fast or faster than the 
vitamins they appear to change little or decrease if calculated per unit 
dry weight. 

Roots. The data for the roots over three days old are of questionable 
validity. Roots grown on moist filter paper are developing under very ab¬ 
normal conditions and after about three days become so entangled in the 
paper that it is difficult to separate them. Riboflavin and niacin increase 
slightly per root during the early period of growth while the thiamine 
content decreases (fig. 5). 

discussion 

Since thiamine, riboflavin, and niacin function as parts of respiratory 
enzyme systems, it is not surprising that embryos contain rather large stores 
of them. Their role is one of making available to the young plant building 
materials stored in the endosperm. Ward (1943) has investigated the dis¬ 
tribution of thiamine in the wheat grain. He reports that the cotyledon and 
epithelial layers are the centers of high thiamine concentration within the 
wheat kernel. One might expect the same distribution within the Avena 
seed. 

As the seedling grows the vitamins are constantly being used. The assays 
do not indicate the total amounts of vitamins produced within the seedling 
but rather the excess of production over the amounts used. 

The data suggest the leaves of Avena as centers of vitamin synthesis 
rather than the roots. During the growth period under consideration the 
leaves increase in each of the three vitamins. Assays of plants grown in 
soil under normal conditions should be made to supplement these studies. 
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SUMMARY 

A vena seedlings, growing in the dark, make significant increases in ribo¬ 
flavin and niacin during the first five days of germination. There is little or 
no change in the thiamine content. 

Approximately 50 per cent as much thiamine and riboflavin and 80 per 
cent as much niacin are contained in the embryo of an Avena seed as in the 
endosperm: the dry weight of the embryo is about 1/15 that of the endo¬ 
sperm. 

With the decrease in dry weight of the endosperm during germination, 
thiamine and niacin per organ decrease also; the riboflavin content remains 
low. The leaf shows absolute increases in these three vitamins during the 
five-day period. The coleoptile increases in riboflavin throughout its period 
of growth, although its niacin content increases only during the first three 
days. The thiamine content of the coleoptile shows little or no change during 
germination. 

Osborn Botanical Laboratory, Yale University 

New Haven, Connecticut 
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817-913. f. 196- 219. Univ. Cal. Press. Berkeley. 1943 [1944]. 
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Studies on the behavior of certain strains. Am. Jour. Bot. 31: 233-239. 
/. IS. Ap [My] 1944. 

Myers, W. M. Cytological studies of a triploid perennial ryegrass and its progeny. 

Jour. Hered. 36: 17-23. /. S, 9. Ja TMr] 1944. 
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Flor, H. H. Relation of rust damage in seed flax to seed size, oil content, and 
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National Forest. Northwest Sci. 18: 17-24. F [15Ap] 1944. 
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THE GENUS CNIDOSCOLUS: GENERIC LIMITS AND 
INTRAGENERIC GROUPS 

Rogers McVaugh 

The genus Cnidoscolus (Euphorbiaceae) is a remarkably homogeneous, 
strictly American group of perhaps 40 or 50 species, and- is evidently a natu¬ 
ral unit from the evolutionary standpoint. In recen# years it has often been 
merged with Jatropha,. perhaps chiefly because of the influence of Mueller 
Argoviensis, who treated it as a section of Jatropha in4he Prodomus of de 
Candolle (1866) and in the Flora brasiliensis (1874). Actually the characters 
of Cnidoscolus are such as to separate it readily from Jatropha proper; the 
line of demarcation between the two is quite as clear if not more so than that 
between. Jatropha and Manihot, Jatropha and Aleurites, or even Jatropha 
and Hcvea. When judged by the criteria used for the delimitation of genera 
in the Euphorbiaceae generally, Cnidoscolus seems unquestionably to merit 
consideration as an independent genus characterized by the possession of a 
single white floral envelope, stinging epidermal hairs, and distinctive,petiolar 
glands. ! 

The species of Jatropha , in the restricted sense, regularly have two well- 
differentiated floral envelopes, and are destitute of stinging hairs. Glands of 
the Cnidoscolus types (at the summit of the petiole) appear to be entirely 
wanting in Jatropha. The pith in Cnidoscolus is characteristically white, and 
proportionately large, divided into thin transverse plates, while in Jatropha 
the pith is usually relatively small and solid. In Cnidoscolus the styles are 
repeatedly dichotomous (3 to 5 times) and terminate in very slender tips, 
while,those of most species of Jatropha are once-forked and terminate in 
fleshy capitate or hooded stigmas. In Cnidoscolus the development of rudi¬ 
mentary stamens in the pistillate flowers and filiform “staminodia” in the 
staminate flowers is the rule in most species, while these structures are met 
with but infrequently in Jatropha proper. In most species of Cnidoscolus the 
annular gland on the staminal column is raised noticeably above the base of 
that column, but it is sessile in those (relatively few) species of Jatropha 
having an annular gland rather than five discrete glands. 

Before passing to a consideration Qf the groups within Cnidoscolus, it is 
necessary to discuss the typification of the genus Jatropha which, as origi¬ 
nally proposed by Linnaeus in 1753 and 1754, included two species now 
referred to Cnidoscolus, one-species subsequently segregated as the type of 
the genus Manihot, one species now commonly regarded as an Aleurites, and 
three species that are still widely known as Jatropha gossypifolia, Jatropha 
multifida, and Jatropha Curcas . rt is evident that stability in present-day 
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generic nomenclature in these groups depends upon the determination of the 
type-species of Jatropha and, luckily for such stability as may now exist, 
there seems to be sufficient ground for the designation of J. gossypifolia L. 
as the type of the genus. 

Jatropha gossypifolia (Sp. PI. 1006. 1753) was based by Linnaeus upon 
plates and descriptions of Sloane, Commelin, Bauhin, and Royen and, alone 
among the species of Jatropha published at this time, it was characterized 
by a detailed and reasonably accurate twelve-line description attributed to 
Royen. This description, almost verbatim, forms the basis of the generic 
description of Jatropha in the Genera plantarum of 1754, the only significant 
additions to the generic character at this time being mention of the staminate 
corolla as “monopetala, hypocrateriforinis. Tubus brevissimus, ” and brief 
mentions of the calyces. Of the staminate flowers Linnaeus said: “CAL. Peri- 
anthium vix manifestum,” and of the pistillate: “CAL. nullus.” 

These references to the calyx have been used by Mackenzie (1929), in an 
attempt to show that Jatropha Manihot L. must be regarded as the type of 
the genus. In conclusion Mackenzie says: 

“His [Linnaeus’] description calling for but one well-developed floral 
envelope was evidently based on the first plate (Tournefort 438) cited by 
him, to which it entirely applies. 

“. . . the original generic description of Linnaeus was based solely on 
Jatropha Manihot L. and it is the only one of his seven species which agrees 
with his generic description. It in consequence must be taken as the type of 
the genus. ’ ’ 

Although Mackenzie may have been correct in assuming that Linnaeus’ 
description of the calyx was based on Tournefort’s plate (which indeed 
represented a Manihot flower with one floral envelope only), it may be 
pointed out that the description applies equally well either to Jatropha 
herbacea L. or to J. urens L., and the latter was specifically mentioned by 
Linnaeus in a footnote 1 to his generic description, so could hardly have been 
omitted from his consideration in his compilation of the characters. 

In stating that “the original generic description of Linnaeus was based 
solely on Jatropha Manihot Mackenzie seems to have overlooked the fact 
that Linnaeus cited in the generic synonymy not only Tournefort’s plate, 
but also a plate from Dillenius’ Hortus elthamensis (no. 173, representing 
J. multifida L.), and a reference to Houstoun’s genus Jussievia (that is, to 
J . herbacea L.). If it be again remembered that most of the generic descrip¬ 
tion was taken from that of J. gossypifolia, then it is clear that five of the 
original seven species of Jatropha (all except J. Cureas and J. moluccana) 

1 “OBS. J. Urens Stamina*novem, erecia, quorum Tria interiora reliquis longiora, 
quibus ( tribus ) setae totidem respondent, singulae singulo flamento prope basin insertae 
(Gen. PL 437. 1754.) 
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are mentioned or described directly or by implication in the original 
description. 

Hitchcock and Green, in their Species lectotypicae propositae (1935), 
have undertaken to typify the genus Jatropha by the species J. Curcas L. 
There seems to be no particular reason for this unless it be that J. Curcas 
is now widespread and familiar in all tropical regions; and the choice of 
J. Curcas as type species would seem an unfortunate one, chiefly because 
Adanson, in 1763 (Pam. PI. 2: 356) segregated J. Curcas as the type- and 
only species of a new genus, Curcas. Curcas has never been widely accepted 
as a valid genus distinct from Jatropha , but its eventual recognition as such 
would necessitate the renaming of many species now referred to Jatropha , 
if J. Curcas were to be considered as the type-species of the latter genus. 

For the reasons given above it seems best to regard Jatropha gossypifolia 
L. as the type of the genus. It has not, to my knowledge, been made the type- 
species of any segregate genus, and the type-specimen, according to Fawcett 
and Rendle (FI. Jam. 4: 312. 1920) is preserved in the Linnaean Herbarium. 
The remaining generic elements comprising the inclusive Linnaean Jatropha 
are then to be referred to Manihot, Aleurites , and Cnidoscolus, as mentioned 
above. Neither of the two Linnaean species now referred to Cnidoscolus could 
logically be regarded as the type species of Jatropha , for J. urens is spe¬ 
cifically mentioned as constituting an exception to the generic character, and 
either J. urens or J. herhacea is excluded by any of several characters or by 
a combination of these: “COR. [masc.] Tubus brevissimus ,, ; “Filamenta 
. . . in medio approximata”;‘‘COR. [fern.] pentapetala, rosacea”; “Styli 
. . . dichotomi. Stigmata siinplicia.” 

It remains but to establish the correct name for the segregate genus 
including Jatropha urens and J. herhacea L., and this has been attempted 
by Wheeler (1939), who has proposed the conservation of the name Cnidosco¬ 
lus Poll I (PI. Bras. le. 1: 56. pi. 19. 1827) over Jussievia Houst. (Reliq. 6. 
pi. 15. 1781) and Bivonea Raf. (Specchio delle Sci. 1: 156. 1814). This course 
appears a most suitable one, for Cnidoscolus has been widely known and used 
since its proposal, while neither Jussievia nor Bivonea has been accepted by 
any considerable group of workers. 

Cnidoscolus has been variously divided into subgeneric groups. Mueller 
| in Linnaea 34: 210-212. 1865, and (in brackets below) in DC. Prodr. 15(2): 
1096-1102. 1866] proposed to divide Cnidoscolus (which he considered a 
section under Jatropha) into the subsections Eucnidoscolus and Calyptro - 
solen , which he distinguished as follows: 

1. Calyx foemineus 5-partitus [laciniae segregatim deciduae] . Eucnidoscolus . 

1. Calyx foemineus 5-fidus, inferne tubulosus, mox basi eircumscisso-liber 
ovariumque calyptrntim tcgens | dein inferne integer v. lateraliter ruptus.— 

Habitus omnino cum subsectione Eucnidoscolo quadrans] . Calyptrosolen . 
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It seems clear from Mueller’s Latin that in his mind the distinction 
between these subsections lay in the degree of coherence of the calyx-seg¬ 
ments of the pistillate flower. His subsection Calyptrosolen included but two 
species, J. Liebmanni Muell. Arg. and J . tubulosa Muell. Arg., and photo¬ 
graphs of the type material of these species show the character to which he 
referred: the calyx of the pistillate flower, after anthesis, breaks away from 
the base as a unit and forms a calyptra-like structure over the ovary until 
it is ruptured by the growth of the capsule or until the segments (which are 
often but loosely coherent) separate naturally. 

Mueller recognized 16 species of Cnidoscolus; Pax, on the other hand, in 
the Pflanzenreich (1910) accepted 44 species, and divided the group (which 
he understood as a subgenus) into six sections based primarily upon charac¬ 
ters of the androecia. In Pax’s treatment the sections Vitifoliae and Hamosae 
together comprised 19 species, native to temperate and subtropical South 
America, having the stamens 15-30 in number and in 3-6 whorls on the 
staminal column. The section Oligandrae comprised three South-Brazilian 
species having 6-8 irregularly disposed stamens, and the section Platyandrae 
included a single anomalous Cuban species; the remaining 21 species known 
to Pax, those having the stamens regularly 10 in number and in two whorls 
on the staminal column, were assigned to section Jussieuia or to Calyptro¬ 
solen. In circumscribing Calyptrosolen Pax seems to have misinterpreted the 
character as set forth by Mueller, for in his key to Jatropha (op. cit., 23) he 
distinguished J ussieuia and Calyptrosolen as follows: 

1. Calyx $ caducus . 1 . J ussieuia, 

1. Calyx 9 basi disciformiter persistans. Calyptrosolen . 

This idea of a persistent basal calyx-disk under the ovary was repeated 
by Pax in his descriptions of individual species of Calyptrosolen and was 
evidently the principal criterion upon which he based the section; although 
he repeated Mueller’s character of the tubular calyx (“Calyx $ 5-lobus, 
inferne tubulosus, mox basi circumscisso-liber et ovarium calyptratim tegens 
. . .”), he seems to have attached little importance to it, for the opposing 
character is never emphasized or even definitely stated for the contrasted 
section J ussieuia. 

About three-quarters of the species having biverticillate stamens {Jus¬ 
sieuia and Calyptrosolen of Pax) occur in the Mexican-Central-American 
region, and the two groups were keyed out by Standley (Contr. U. S. Nat. 
Herb. 23: 634.1923) as follows: 

1. Pistillate calyx persistent as a disk at the base of the capsule. 

1. Pistillate calyx caducous.^. 

It seems necessary to point out here that Calyptrosolen was delimited by Pax 
on the basis of an exceedingly variable and often imagined character which is 
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of no value whatever in separating taxonomic groups. In Cnidoscolus the 
pistillate calyx is deciduous after anthesis in all species, either as 5 distinct 
lobes or as a tubular unit, and the tissues persistent at the base of the flower 
may take the form of a narrow rim encircling the peduncle and the scar left 
by the fallen calyx, or the form of five small projections alternating with the 
scars of the calyx-lobes. These persistent tissues vary in size from one indi¬ 
vidual to another in the same species, but I have not been able to establish 
any correlation between a tubular calyx (the character of Calyptrosolen as 
understood by Mueller) and the persistence of an enlarged basal disk (the 
character as understood by Pax) ; it is impossible to determine the tubular 
or non-tubular character of the deciduous part of the calyx by examination 
of the persistent basal part after the disappearance of the floral envelope. 
A few species, notably Jatropha urnigcra Pax, J. Ldfgreni Pax & Hoffm., 
and J. tcnuifolia Pax & Hoffm., all South American species described from 
single collections, are stated to have distinct cupuliform disks; authentic 
material of these has not been available for study, but no species known to 
me can be distinguished by the presence of such disks from the species 
assigned by Pax to Jussieuia . 

The most recent work on the taxonomy of Cnidoscolus is that of Brother 
Leon, who has recently (1938, 1941) proposed the segregation, under the 
name Viciorinia , of the West Indian species said to have 15 stamens, 5 car¬ 
pels, a seed lacking a caruncle, and a fleshy fruit with a delicate endocarp 
adherent to the seed. The wisdom of such segregation is of course, partly 
a matter of opinion, but until the West Indian species are better known, and 
their genetical constituents and limits of variation more fully studied, they 
are probably best regarded as members of Cnidoscolus . Their staminal com¬ 
plement and general morphology show them to be akin to the South Ameri¬ 
can members of Eucnidoscolus , from which they differ in characters of the 
fruit only. The possession of 5 (rather than 3) carpels is in itself insufficient 
to justify generic segregation, and the characters of the small caruncle and 
delicate endocarp are likewise rather tenuous; there is evidently an evolu¬ 
tionary connection between these species and the pinnately veined South 
American ones, but its strength must remain to be demonstrated. 

The following conclusions are based chiefly upon the material in the 
United States National Herbarium and that in the Herbarium of the 
National Arboretum; certain material at the New York Botanical Garden, 
the Gray Herbarium and the Arnold Arboretum has also been examined, 
and I am grateful to those in charge of these herbaria for the many courtesies 
they have extended. 

Most of the known species of Cnidoscolus are readily assigned to definite 
sectional and subsectional groups, as follows: 

1. Petiolar glands normally present, solitary or paired at the summit of the 
petiole; leaves palmately veined; stamens usually 10 (7-10), all monadel- 
phous, the filaments 2-verticillate; species mostly North American. Sect. Calyptrosolen, 
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1. Petiolar glands, if present, 2 usually several, finger-like, papilliform or fili¬ 
form, at base of blade; venation various; stamens various . 2. 

2. At least the outer whorl of filaments distinct to the base or essentially 
so (stamens 10 in all); glands (probably always present) papilliform; 
leaves palmately veined and lobed . .Sect. Jussicuia .3. 

3. Filaments all distinct; one Brazilian species . Subsect. TJrnigcrae. 

3. Inner whorl of filaments monadelphous, coherent into a column. 

Subsect. Urentes. 

2. Stamens all monadelphous, 8-15 or more; glands present or absent . 4. 

4. Petiolar glands several, 1.5-3 mm. long, elongate-filiform, the 

glandular tissue distal; leaves palmately veined; filaments 10, 2-ver- 

ticillate; Yucat&n . Cnidoscolus Souzac. 

4. Petiolar glands several (minute and papilliform) or wanting; 

leaves palmately or pinnately veined; South America or Greater 

Antilles . 5 

5. Leaves pinnately veined; petiolar glands [usually] wanting. 

Sect. Cnidoscolus . 0 

6. Stamens 10, 2-verticillate; carpels 3. Subsect. PhyUacanthac. 

6. Stamens 15-20, 3- to 4-verticillate or irregularly inserted; 

carpels 3 or 5 (6) . .7. 

7. Stamens 3- to 4-verticillate; carpels 3; endocarp hard; 

central subtropical South America .Subsect. Eucnidoseolus. 

7. Stamens about 15, clustered (not verticillute) on the 
column; carpels 5; endocarp delicate; Cuba and Hispaniola. 

Subsect. Victorinia. 

5. Leaves palmately veined. 8. 

8. Blades deeply or shallowly 3- to 5-lobed; petiolar glands 
several, small, papilliform; stamens 15-20 (28), 3- to 6-vertic- 

illate; subtropical South America . Sect. Vitifoliac. 

8. Blades compound or essentially so, divided to the base into 
10 or fewer irregular elongate lobes; petiolar glands unknown; 
stamens 8-10, 2-verticillate; Cuba. Sect. Plaiyandrac. 

1. Sect. Cnidoscolus (Muell. Ar<r. emend. McVangh) McVaugh, 

comb. nov. 

Jatropha, sect. Cnidoscolus Muell. Arg. Linnaea 34: 210. 1865. 

Jatropha, sect. Cnidoscolus , subsect. Eucnidoseolus Muell. Arg. 1. c. 

Jatropha, sect. Eucnidoscolus Muell. Arg. ex Pax, Natiirl. Pflanzenfam. 3 r *: 75. 1890. 

It appears that according to a strict interpretation of the rules of nomen¬ 
clature (Art. 58), the name Cnidoscolus must be retained for some part of 
the genus of the same name, since it is the earliest sectional name available. 
It seems proper to apply it to that section which includes the type-species of 
Pohl’s genus, Cnidoscolus hamosus ( C. hamosus is certainly a suitable choice 
for type-species; the original material was collected by Pohl himself and was 
well described and figured, the first species so treated; it was designated as 
type-species by Small (in Britton & Brown, Ill. PI. ed. 2, 2: 462. 1913) and 
there seems no reason to disagree with this choice). I am therefore restrict- 

2 If absent, then the anthers 10 and the outer filaments distinct to the base, or the 
anthers 15 or more, or the. leaves pinnately veined or (in 2 Cuban species) palmately 
compound. " 
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ing the application of Mueller’s name Cnidoscolus t when used in the sec¬ 
tional category, to those species having pinnately veined and mostly eglandu- 
lar leaves, reduced and few-flowered inflorescences, and mostly numerous 
(15 or more) stamens, typified by C . hamosus. 

la. Subsect. Victorinia (Leon) McVaugh, comb. nov. 

Viciorinia Le6n, Mem. Soc. Cub. Hist. Nat. 15: 242. J1 10, 1941. 

Jatropha, sect. Acrandrae Urb. Symb. Ant. 7: 516, nomen. 1913. 

Cnidoscolus , sect. Acrandrae Pax & Hoffm. Natiirl. Pflanzenfam. ed. 2. 19c: 167. 1931. 

Type-species, Victorinia regina (Leon) Leon, selected by Brother Leon 
(l.c.) as the type of his genus. Two Antillean species*. C. acrajidrus (Urb.) 
Pax & Hoffm., 3 described from the province of Barahona, Republiea Domini- 
cana, and Jatropha ( Victorinia ) regina Leon, of the Province of Oriente, 
Cuba. This latter species, from the description, is not very different from 
C. acrandrus, and until the two are thoroughly compared it seems unwise to 
make the new combination required in Cnidoscolus. The differences, as sum¬ 
marized by Brother Leon (1941, p. 243), are in the slightly larger and rela¬ 
tively narrower fruits of C. acrandrus , and in the leaves, which in C. 
acrandrus are said to be larger, more oval, with narrower and rounder base 
and less spreading nerves than in J. regina. For remarks on the taxonomy 
of this group see above. 

lb. Subsect. Eucnidoscolus (Muell. Arg. emend. McVaugh) 
McVaugh, comb. nov. 

Jatropha , sect. Cnidoscolus , subseet. Eucnidoscolus Muell. Arg. Linnaea 34: 210. 1865. 

Jatropha , sect. Vitifoliar , subseet. Loasiformes Pax, Pflanzenreieh IV. 147: 92. 1910. 

Jatropha , sect. Hamosae Pax, op. eit., 94. 

Cnidoscolus, sect. Vitifoliac, subseet. Loasiformes (Pax) Pax & Hoffm. Natiirl. 
Pflanzenfam. ed 2. 19c: 164. 1931. 

Cnidoscolus, sect. Hamosae (Pax) Pax & Hoffm., 1. c. 

Type-species, Cnidoscolus hamosus Pohl. A small subsection of interior 
South America, comprising about 9 described species with leaves unlobed or 
somewhat pinnately lobed, depauperate cymes of 1-10 flowers each, and the 

3 In the second edition of Die N at iirlichen PflanzenfamiHen , Pax and Hoffman (1931) 
introduced into literature about 25 new names in Cnidoscolus , all of which are transfers 
based on previously described species of Jatropha . Technically perhaps none of these is 
a valid transfer, for in no case do the authors cite the original place of publication or the 
name-bringing synonym. For species of Jatropha previously described by Pax alone or by 
Pax & Hoffmann, they customarily cite no parenthetical authority, apparently assuming 
that such a practice would make for redundancy. Because of the very formal treatment of 
Cnidoscolus in the work in which these ‘ ‘ transfers ’ 9 appear, the division of the genus into 
sections based on those earlier proposed by Pax in the Pflanzenreieh , and the systematic 
enumeration of the species in the same order in the two publications, there can be no rea¬ 
sonable doubt of the source of any of the names proposed in Cnidoscolus , especially since 
for each section (thus presumably also for the included species) a specific reference to the 
Pflanzenreieh is given; this seems to comply with the letter of Art. 44, which requires the 
f< citation of a previously and effectively published description. * ’ 
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sepals of the pistillate flowers, where known, distinct. Mueller’s subsection 
is to be restricted so as to include but these species, excluding all the species 
known to him in 1865-6 except Jatropha obtusifolia and J. hamosa . 

lc. Subsect. Phyllacanthae (Pax) McVaugh, comb. nov. 

Jatropha, sect. Jussimia , subsect. Phyllacanthae Pax, Pflanzenreich IV. 147: 96. 1910. 

Cnidoscolus , sect. Jussieuia, subsect. Phyllacanthae (Pax) Pax & Hoffm. Natiirl. Pflan- 
zenfam. ed. 2.19c: 165.1931. 

Type-species: The type-species of Pax’s original subsection can be 
nothing but Jatropha phyllacantha Muell. Arg., the only species included. 
This name, however, is untenable, being merely a herbarium name taken up 
by Mueller to include three species previously proposed by Pohl, and the 
species must take one of the names proposed by Pohl for what Mueller con¬ 
sidered to be varieties of the same plant. The inclusive species may be called 
by the appropriate name Cnidoscolus quercifolius Pohl, and the names 
Cnidoscolus lobatus Pohl, C. repandus Pohl, and Jatropha phyllacantha 
Muell. Arg. should be relegated to the synonymy of C. quercifolius . 

The two known species of this subsection, C, bellator (Ekm. ex Urb.) 
Leon, of western Cuba, and C. quercifolius of southeastern Brazil, are anoma¬ 
lous in this section because of the biverticillate anthers. Mueller states, how¬ 
ever (1866, p. 1098), that the sterile filaments of C. quercifolius may bear 
rudimentary anthers, and if true this doubtless emphasizes the relation 
between it and those species with 3-verticillate stamens. 

2. Sect. Platyandrae (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 166. 1931. 

Jatropha, sect. Platyandrae Pax, Pflanzenreich IV. 147: 110. 1910. 

Type-species : Cnidoscolus Rangel (Gomez) McVaugh, comb. nov. 
Jatropha peltata C. Wright in Sauv. Anal. Acad. Ci. Habana 7: 155. 1870, 
non J. peltata Sesse in Cerv. Supl. Gac. Lit. Mex. 3. 2 J1 1794, nec J. peltata 
H.B.K. Nov. Gen. & Sp. 2: 104. 1817, nec J. peltata Wight, Ic. pi. 1169 . 
1850; Jatropha Rangel Gomez de la Maza, Anal. Hist. Nat. Madrid 23: 51. 
1894; Jatropha platyandra Pax, Pflanzenreich IV. 147: 110, 1910; Cnidosco¬ 
lus platyandrus I. M. Johnst. Contr. Gray Herb. 68: 86. 1923. The section is 
apparently endemic in Cuba, comprising only the type-species and C . Matosii 
Leon, which is said to have 8 stamens and to differ from C. Rangel in minor 
particulars. 

Pax (1910, l.c.) attached considerable taxonomic importance to a single 
character in C. Rangel , that of a relatively broad connective in the anther; 
Brother Leon (1938, 1941) attaches little importance to this, either in C. 
Rangel or in other species, considering that the connective is distorted by 
drying and alternate boiling and redrying. Almost no material of this section 
is available for study, but it seems to be quite distinct from all the other 
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sections, apparently being the end-result of the development of some insular 
progenitor of Cnidoscolus . 

3. Sect. Calyptrosolen (Muell. Arg. ex Pax) Pax & Hoffm. Natiirl. 

Pflanzenfam. ed. 2. 19c: 165, emend. McVaugh. 1931. 

Jatropha , sect. Cnidoscolus, subsect. Calyptrosolen Muell. Arg. Linnaea 34: 212. 1865. 

Jatropha , sect. Calyptrosolen Muell. Arg. ex Pax, Natiirl. Pflanzenfam. 3 6 : 75. 1890. 

Jatropha, sect. Jussieuia (Houst.) Pax, Pflanzenreich IV. 147: 96, pars. 1910. 

Jatropha , sect. Oligandrae Pax, op. cit., 109. 

Cnidoscolus, sect. Oligandrae (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. ed. 2. 19c: 
166. 1931. 

Type-species, Jatropha tubulosa Muell. Arg. Mueller’s subsection in¬ 
cluded two species only, Jatropha Liebmanni Muell. Arg., and J. tubulosa, 
and the section as technically validated by Pax in 1890 included but the same 
two species. As thus constituted the group depended upon a single character, 
the coherence of the pistillate calyx into a tube. As this character seems not 
to be a particularly fundamental one in Cnidoscolus , and indeed varies to 
some extent even within single species, it seems proper to depend rather upon 
the combination of characters by which these species are obviously related 
to others in the same geographical area, and to enlarge the section to include 
all those species having palmately lobed leaves with large single or paired 
petiolar glands, monadelphous 2-verticillate stamens, and relatively florifer- 
ous cymes. As thus constituted the section appears to be very homogeneous, 
scarcely to be divided, and including perhaps 20 species in the Mexican- 
Caribbean region, with some few* additional species in Paraguay and south¬ 
eastern Brazil; the Oligandrae of Pax appear to belong here on the basis of 
the 2-verticillate stamens, the ample cymes and the petiole “apice supra 
glanduloso-incrassatus” (Pax 1910), but it may be that the Oligandrae 
comprise but a single species, C. oligandrus (Muell. Arg.) Pax. Jatropha 
pyrophora Pax, described from a single collection from northern Peru, also 
appears, from description and a photograph (Field Mus. neg. 5400) of the 
type to belong to this section; J. jaenensis Pax & Hoffm., based on Weber- 
bauer’s no. 6234, is from the same general region and may belong here also. 

The Mexican and Central American species of this section have recently 
been treated at some length (McVaugh 1943) ; the following additions are 
necessary: 

Cnidoscolus Kunthianus (Muell. Arg.) Pax & Hoffman, was based chiefly 
upon a Bonpland specimen from Cumana, Venezuela, which is to be regarded 
as the type; I do not know r the identity of this species, but Mexican specimens 
referred to it are C. multilobus (Pax) Johnst. or C. tubulosus (Muell. Arg.) 
Johnst., and C. Kunthianus , whatever its identity, is doubtless to be excluded 
from the Mexican flora. 

Cnidoscolus fragrans (H.B.K.) Pohl, and C. qninquelobatus (Mill,) 
Leon, both supposed to have come from Cuba, are imperfectly known; the 
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types of both were examined by Mueller, and from his descriptions it seems 
certain that both belong to this section, but their actual origin is unknown, 
as pointed out by Brother Leon (1938): “J. fragrans y J. quinquelobata 
... no han sido encontradas por los botanicos modernos; lo cierto es que 
en la actualidad no existen cerca de la Habana ni de Regia [their respective 
type-localities].’ * 

Cnidoscolus rotundifolius (Muell. Arg.) McVaugh, comb. nov. Jatropha 
rotundifolia Muell. Arg. Linnaea 34: 211. 1865; Cnidoscolus incrmiflorus 
I. M. Johnst. Contr. Gray Herb. 68: 85. 1923. The type-locality of J . rotundi¬ 
folia is “In Mexici prov. San Luis,” and a photograph (Field Mus. neg. 
7170) of the type collection, Virlet d f Aoust 147, shows clearly that the spe¬ 
cies is identical with C. inermiflorus, which is based on Edward Palmer 140 
(of 1907), and of which I have seen the type in the Gray Herbarium. The 
species has not been collected in modern times in the State of San Luis Potosi, 
but it is well known in the neighboring mountains of Tamaulipas, and, as 
Virlet d’Aoust is known to have collected as far northeast as Valle de Maiz, 
it is not unlikely that his type material may have come from that general 
region. 

Cnidoscolus tepiquensis (Cost. & Gall.) McVaugh, comb. nov. Jatropha 
tepiquensis Cost. & Gall. Rev. Gen. Bot. 18: 391. 1906. 

Cnidoscolus chayamansa McVaugh, sp. nov.; frutex succulentus sub- 
inermis; folia glabra, limbis saepe latioribus quam longioribus, trilobis, lobis 
flabellatis, in sicco saepe imbricatis; petioli succuienti, quam limbi saepe 
breviores; glandulae petioli lentiformes, usque ad 1.5 mm. longac; flores 
foeminei 8-10 mm. longi, calycibus fere ad basin divisis; antherae biverti- 
cillatae; fructus ignotus. 

Jatropha urens var. inermis Calvino, Rev. Agr. Com. y Trab. [Cuba] 
2: 364. Aug. 1919; Skeels in Off. For. Seed & PI. Intr. Inventory 57: 43. 
1922. 

A succulent nearly glabrous shrub up to about 2 m. high, the branches 
soft, up to about 1 cm. in diameter near the tips; pith large, white, in trans¬ 
verse plates. Stinging hairs none or few. Leaves broader than long (often as 
16/13 or 10/8), three-lobed well below the middle, the lobes flabellate, 1-2.5 
cm. wide at base, the central lobe 5-8 (15) cm. wide above the middle, the 
lateral lobes wider, with two main veins, often divided about ^ their length 
into two lobes. Petioles fleshy, up to 5 mm. in diameter and 8 (15) cm. long, 
usually much shorter than the blades. Blades glabrous except for the ap- 
pressed-hispid margins and a minute puberulence at the summit of the 
petiole. Glands 2 (or reduced to 1) at the summit of the petiole, ovoid, 
convex, green and very lustrous, up to 1.5 mm. long, separated by a furrow. 
Blades broadly truncate-cordate, the main veins (5) fleshy at base, strongly 
ascending and forming a uiplateral cup-like arrangement; when the leaves 
take this position the lobes are all exposed, but when they are pressed flat 
the lobes overlap. Blades yellowish-green and slightly lustrous beneath and 
on the veins above, the rest of the upper surface velvety (not lustrous) green 
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with a suggestion of blue-green. Stipules about 3 mm. long, ovate, caudate- 
acuminate 1.5-2 mm., laterally glandular-fimbriate, deciduous when the 
leaves are very small. 

Inflorescence 2-5 cm. across in flower, the peduncle 2-3 mm. in diameter, 
10-25 cm. long. Cyme-branches about 3-forked, the pistillate flowers in the 
basal fork or also in the lowest fork of each branch. Bracts minute, about 
1 mm. long or less. Pistillate flowers 8-10 mm. long, divided 7-8 mm. into 
5 narrowly elliptic rounded recurved lobes about 3 mm. wide, these minutely 
puberulent without. Ovary about 3 mm. long, minutely puberulent at anthe- 
sis. Styles 3-4 mm. long, shortly coherent at base, each of the 3 branches 
twice (sometimes thrice) irregularly dichotomous. Gland annular, more or 
less sessile, about 1.5 mm. in diameter and half as high; staminodia subulate, 
appressed to the ovary, about 1.5 mm. long. Mature capsules and fruit 
unknown. 

Staminate flowers 6-7 mm. long, minutely puberulent without, greenish 
(the lobes white on the portions covered in bud), the tube cylindric, 1-1.5 
mm. in diameter, expanded distally, 4.5 mm. long from base of flowers to 
base of lobes. Lobes rounded-ovoid, about 2 mm. wide by 2.5 mm. Jong, gla¬ 
brous (like the tube) within, white within (like the tube). Stamens 10, 4.5-5 
mm. long; gland annular, not sessile, attached along the distal edge, about 
1 mm. across, 0.4 mm. high. Outer filaments attached 0.7-1.1 mm. above the 
gland, free about 0.7 mm. Column of the inner filaments about 3 mm. long, 
the filaments free 1 mm., incurved. Staminal column white, with a densely 
white-pilose band above the gland. “Staminodia” 2 (-3), about 2 mm. long. 
Inner anthers about 0.7-0.9 mm. long and 0.5 mm. wide; outer anthers 
similar. Pollen apparently none. “Odor [of flowers] rather faint but un¬ 
pleasantly suggestive of the fls. of Sterculia foetida” (Fairchild). 

Type; In the United States National Herbarium (no. 1472716), collected 
by C . L. Lundell (no. 494), at Honey Camp, in the coastal region of British 
Honduras, September 17, 1929. Isotvpe at the New York Botanical Garden. 

Additional material: Cuba: Cultivated at Santiago de las Vegas, M. 
Calvino , December 5, 1918 (USNA; P.I. 46862). Florida: Cultivated at the 
“Kampong,” Coconut Grove, David Fairchild , July 14, 1943 (USNA). 

The source of Dr. Fairchild’s material is unknown, but he says: “My 
trees here ... all came from a few cuttings planted about 20 years or so 
ago”; apparently these cuttings were a part of the stock derived from Plant 
Introduction no. 46862, made by the Office of Foreign Seed and Plant Intro¬ 
duction (now the Division of Plant Exploration and Introduction) in 1918. 
P.I. 46862 consisted of cuttings, presented by Dr. Mario Calvino, Director 
of the Estacion Experimental Agronomica at Santiago de las Vegas, Cuba, 
under the name of Jairopha ureas var. inermis (Off. For. Seed & PI. Intr. 
Inventory 57: 43. May 20, 1922). The material of this plant cultivated in 
Cuba, according to an article by Dr. Calvino (1919), came originally from 
Yucatan in April, 1918. 

Cnidoscolus chayamansa is the edible “chaya” of Yucatan, and for the 
following information concerning it I am deeply indebted to Sr. Augusto 
Perez Toro, Director of the Tnstituto Agricola Henequenero at Merida, Yuc. 
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In response to my queries concerning the plant, Sr. Pdrez writes on Novem¬ 
ber 11,1943: 

“La Chaya . . . es planta originaria de esta region; existen testimonies 
en el sentido de que antes de la Conquista los mayas la aprovechaban mucho 
mas que ahora. Se sigue usando para los mismos fines ... la chaya, que 
viene siendo la espinaca indigena. A proposito, el nombre castellanizado 
‘chaya’ se deriva del nombre maya CHAY. 

“Hay dos plantas conocidas vulgarmente con ese nombre pero se les 
diferencia llamando a la especie comestible ‘chaya mansa,’ y a la otra, que 
al parecer solamente tiene algunos usos medicinales, se le denomina ‘ chaya 
brava.’ La chaya mansa es muy ligeramente urticante y la brava lo es en 
mucho mayor grado. La apariencia exterior de ambas es muy semejante.” 

No information is available concerning the fruit of this species. Dr. Pair- 
child states that his trees in Florida have not fruited, to his knowledge, in 
the approximately 20 years during which he has observed them. In Yucatan, 
as suggested in Calvino’s article of 1919 and recently confirmed by Sr. Perez, 
the plant is ordinarily propagated by cuttings, which root easily and require 
little or no care. 

Peculiar interest now attaches to the edible “chaya” because of a recent 
report that the edible parts, the young leaves and shoots, contain consider¬ 
able amounts of vitamin “C,” which suggests that they may constitute a 
valuable potential source of food here in the United States and elsewhere. 

Technically, Cnidoscolus chayamansa appears to be rather closely akin 
to C. aeonitifolius . It has no particularly close relationship to C. urens which, 
together with the other species of the Vrentes, is set well apart by its distinc¬ 
tive characters of androecium and foliar glands. C. chayamansa may be dis¬ 
tinguished from all other species by its short petioles, by the three over¬ 
lapping flabellate lobes of the leaf blades, by the paired (not solitary and 
transverse) petiolar glands, and by the position of the main veins at the base 
of the blade, which in this species are so strongly ascending as to make the 
blade attenuate at base and obscure the line of demarcation between blade 
and petiole. 

# 

[3a.] Species incertae sedis. 

Cnidoscolus Souzae 4 McVaugh, sp. nov.; herba vel frutex usque ad 
2-metralis, ramis petiolis pedunculisque pilis urentibus dense munitis; folia 
triloba, ad marginem praecipue in sinubus aristulas interdum glanduliferas 
gerentia; glandulae petioli digitiformes filiformesve, 1.5-3 mm. longae, 
apicibus glanduligeris; flores foeminei 8-9 mm. longi, calyeibus fere ad 
basim divisis; antherae biverticillatae; filamenta exteriora prope basim 
columnae staminalis inserta, 0.3-0.8 mm. longa; caruncula 1.5-2.5 mm. lata, 
haud vel vix cordata, supra hilum sidens. 

4 Named in honor of Dr. Narciso Souza Novelo, of Merida, Yucat&n, the author of 
Plantas meltf eras y poliniferay, que viven en Yucatdn, etc., etc., and an enthusiastic collec¬ 
tor and student of the flora of his State. 
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A coarse herb or stout shrub up to about 2 m. high, the branches green, 
at maturity pale brown, up to about 1 cm. in diameter near the tips, usually 
thickly covered with stinging hairs and often covered with small knobs (the 
enlarged bases of these hairs) after the hairs fall; branches glabrous except 
for the stinging hairs, which are often large and stout, up to 12 mm. long 
and up to 0.5 mm. in diameter at base. Pith white, in transverse plates. 
Leaves long-petioled, lobed to the middle or beyond; blades truncate or 
cordate at base, 10-15 cm. long, 12-20 cm. wide, more or less pilose on both 
surfaces, at least on the veins, with uniformly distributed soft white sharp 
hairs up to 1 mm. long, these sometimes so abundant as to whiten the surface 
and make it velvety to the touch. Lobes and principal veins usually 3, the 
two basal veins sometimes extending into an additional pair of basal lobes 
smaller than the other 3; lobes oblong or ovate, sometimes with lateral secon¬ 
dary lobes, usually with more or less serrate margins, the veins of the princi¬ 
pal lobes and those of the serrations, if any, ending in capillary (not sting¬ 
ing) spines 2-4 mm. long. Margins between the serrations, especially in the 
broad rounded sinuses between the principal lobes, more or less beset with 
stout gland-tipped processes about 1-1.5 mm. long, these terminating small 
veins. Mature blades devoid of stinging hairs, or with a few scattered along 
the veins on the upper surface. Petiole 10-15 cm. long, beset its whole length 
with stinging hairs like those of the branches, the degree of investiture 
varying considerably from plant to plant. Glands 2-4 at the summit of the 
petiole, consisting of fingerlike processes 1.5-3 mm. long, enlarged and 
glandular at tips. 

Inflorescences 1 or 2 at the tip of a branch, long-peduneled, beset (except 
for the ultimate branchlets of the cyme) like the stems and petioles with 
stout stinging hairs. Peduncle 20-30 cm. long, 2-4 mm. in diameter; cyme- 
branches usually 3, each about 5-forked (sometimes 6-forked); cyme flat- 
topped when the pistillate flowers open, 4-5 cm. across, the branches then 
elongating and becoming 8-12 cm. long and rather strongly ascending. 
Bracts green, leafy, 1.5-5 mm. long (the low r er often 3-5 mm.), pilose like the 
leaves and smallest branchlets of the cyme. Pistillate flowers borne usually 
in the basal fork and in the first three forks of each branch, not more than 
about 10 capsules usually maturing in each inflorescence; capsules often 
fully mature when the staminate flowers on the same branches open. Pistil¬ 
late flowers 8-9 mm. long, divided 7-8 mm. into 5 oblong or rounded obtuse 
spreading lobes 3.5-5 mm. wide, the lobes minutely puberulent, especially 
near the tips, on both surfaces. Ovary about 2.5 mm. long, sparsely or densely 
silky-strigose in anthesis, later developing a dense covering of stinging hairs. 
Styles nearly sessile, about 3 mm. long, irregularly forked 2 or 3 times. Gland 
annular, about 1 mm. in diameter; staminodia 10, white, bristle-like, about 
0.4 mm. long. Staminate flowers 8-10 mm. long, the lobes rounded, spread¬ 
ing, about 3 mm. wide, 3-4 mm. long, the tube campanulate, 5-6 mm. long; 
whole perianth minutely puberulent without and near the tips of the lobes 
within. Staminal column 7.5-9.5 mm. long, pilose at base; inner filaments 
1.5-2 mm. long, their anthers 1-1.3 mm. long; outer stamens near base of 
column, the filaments 0.3-0.8 mm. long, the anthers 1.3-1.7 mm. long; 
“staminodia” 3, 1-2 mm. long; gland annular, about 0.5-0.7 mm. in diame¬ 
ter, about 0.5 mm. above the base of the column. Capsule oval to subglobose, 
broadly rounded at both ends, green, slightly roughened by the bases of the 



470 


BULLETIN OP THE TORREY CLUB 


[VOL. 71 


stinging hairs, often about 7 mm. in diameter, 8-9 mm. long, stalked about 
1 mm. in the persistent lobed base of the perianth. Seeds oblong, somewhat 
flattened, conspicuously mottled at full maturity, truncate at base, about 
4 mm. wide and 7 mm. long; caruncle white or pale yellowish, fleshy, 1.5-2.5 
mm. wide, not at all or scarcely cordate, usually standing well above the 
small hilum. 

Specimens examined: British Honduras: Corozal Dist., Percy H, Gentle 247 in 
1931-32 (NY, US), S32 in 1931-32 (US ); San Juaquin, Corozal Dist., Percy H . Gentle 
4983, Sep. 1933 (NY). Campeche: Tuxpefia, C. L. Lundell 1189 , Jan. 15, 1932 (G, 
Type; NY, US). Yucatan: Buena Vista Xbae, G. F. Gaumer 1069 , Apr. 1895-96 (G, 
US). Merida, N . Souza Novelo in 1944 (USNA), 

A well-marked species, restricted to the Yucatan Peninsula. Although 
technically excluded from Calyptrosolen by the unique petiolar glands, it 
agrees so well in other ways with the members of that section that I hesitate 
to assign it to any other group. Its shrubby habit and numerous elongated 
petiolar glands suggest some relationships to the U rente ft also. It is easily 
identified by the leaves alone; no other species is known to have the charac¬ 
teristic almost filiform glands of the petiole, in combination with gland- 
tipped setae along the leaf-margins. The pistillate flowers may be confused 
with those of C. aconitifolius , but in that species the caruncle is cordate and 
the foliar glands are solitary and broad. 

4. Sect. Jussieuia (Houst.) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 164. 1931. 

Jussieuia Houst., Reliq. Houstoun. 6. 1781, as genus. 

Jatropha , sect. Jussieuia (Houst.) Pax, Pflanzenreioh IV. 147: 96. 1910. 

Type-species, Jatropha herbacea L. As here understood this is a small 
group of herbaceous or shrubby species from which are excluded several 
members of Calyptrosolen placed here by Pax (1910) : C. calyculatus , (\ 
quinquelobatus, C. angustidens , C. aconitifolius, C. Kunthianus , C. rotundi - 
folius, and Jatropha pyrophora. As now constituted the section is distin¬ 
guished by the distinct filaments and the small clustered petiolar glands 
which form a compact group at the base of the blade; as understood by Pax 
the section was characterized by haying the calyx of the pistillate flowers 
“caducous.” 


4a. Subsect. Urnigerae McVaugh, subsect. nov. 

A subsectionibus ceteris generis Cnidoscoli filamentis libris differt. 
Type- and only known species, Cnidoscolus urnigerus (Pax) Pax & 
Hoffm., previously included by Pax in his section Calyptrosolen . Material of 
this species has not been available for study, but the figure published by 
Pax (1910, p. 105) suggests a possible intermediate between Cnidoscolus and 
Manihot. The leaves and general aspect suggest C. urens, but the calyx, the 
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style and the androecium, if accurately interpreted and figured, preclude 
the possibility of merging the two species; the petiolar glands are unknown 
to me. 

4b. Subsect. IJrentes (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 165. 1931. 

Jatropha, sect. Jussieuia , subsect. Urentex Pax, Pflanzenreicli IV. 147: 96. 1910. 

Type-species, C. urens (L.) Arthur. A group of about 4 species, mostly 
confined to lowland and coastal plain areas in warm regions. C. urens ranges 
from southern Mexico and . the Lesser Antilles south to Argentina, and 
Mueller considered C. herbaceus of southeastern Mexico, and C. stimulosus, 
of southeastern United States, to be but varieties of it. C. tcxanus is a well- 
marked endemic of the Texas-Oklahoma region. C. adenophilus (Pax & 
Hoffm.) Pax & Hoffm., of which I have seen an isotvpe, is C. urens, and 
apparently C. Locfgrenii (Pax & Hoffm.) Pax & Hoffm. and C. tenuifolius 
(Pax & Hoffm.) Johnst., are likewise to be referred here. 

C. herbaceus and C. stimulosus are probably best regarded as distinct 
from C. urens, but the status of the other varieties of C. urens proposed by 
Mueller [Jatropha urens var. osteocarpa (Pohl) Muell. Arg., var. brachy - 
loba Muell. Arg, var. neglccta (Pohl) Muell. Arg., var. Marcgravii (Pohl) 
Muell. Arg.] is not so clear to me. Bondar (1942) considers all these mere 
forms of one species, C. Marcgravii Pohl, which he states is identical with 
C. oligandrus (Muell. Arg.) Pax, the pendo of Bahia. In this last statement 
he is certainly in error, for Pohl’s description and plate of C. Marcgravii 
show clearly that his species was a small plant very close to or identical with 
C. urens , not the large tree with 7-8 stamens which is the pendo . 

5. Sect. Vitifoliae (Pax) Pax & Hoffm. Natiirl. Pflanzenfam. 
ed. 2. 19c: 164, emend. MeVaugh. 1931. 

Jatropha, sect. Vitifoliae Pax, Pflanzonreich IV. 147: 86. 1910. 

Type-species, Cnidoscolus vitifolius (Mill.) Pohl, as to plant only; not 
Jatropha vitifolia Mill. The earliest valid name for this species is apparently 
C. cnicodendron Griseb. It seems curious that Miller’s name should have been 
applied without question by Pohl, Mueller Argoviensis, and Pax, to this 
species of the south-Brazilian-Argeiitinian region, when Miller plainly says 
that Jatropha vitifolia 4 ‘was found growing naturally in Carthagena in New 
Spain, by the late Mr. Robert Millar/’ and when Miller’s description indi¬ 
cates that he had some species of the section Calyptrosolen . With the exclu¬ 
sion of Jatropha vitifolia from the section here called Vitifoliae, there is 
raised the question of the propriety of retaining this sectional name which 
is presumably based, nomenclaturallv speaking, upon J. vitifolia . It may be 
argued that the name Vitifoliae belongs with the species upon which it is 
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ostensibly based, and that the section described by Pax under this name 
must be renamed; it appears that this point is not covered by any rule, unless 
Art. 66, which mentions no rank below the subtribe, may be extended to 
cover it. On the other hand it may be argued that Pax had clearly in mind 
the circumscription of his section Vitifoliae , as shown by his description of 
the section and of the included species, so that the name Vitifoliae may be 
regarded as a descriptive name based on a composite characterization of the 
group, rather than directly upon Jatropha vitifolia Mill., which is nowhere 
cited as the type of the section. I have retained the name rather than provide 
a new one, since the choice is apparently one of taste rather than of rule. 

The section includes about 14 described species, all natives of southern 
Brazil, Paraguay or northern Argentina except C. peruvianua (Muell. Arg.) 
Pax & Hoffm. and its supposed relatives Jatropha basiacantha Pax & Hoffm. 
and J. diaeantha Pax & Hoffm., which are all from semi-arid cis-Andean 
Peru. All these species regularly have 15 or more stamens, lobed palmately 
veined leaves and petiolar glands like those of the Urentes, to which they are 
evidently akin. 

CONCLUSION 

Following is a list of all described species pertaining to Cnidoscolus, 
arranged according to sectional groups insofar as this has been possible. 
Names in italics are those which are definitely to be relegated to synonymy. 
Names published in Jatropha , for which there is no available combination in 
Cnidoscolus, are included but are prefixed by the initial “J”; these names 
are all invalid or of doubtful status in Cnidoscolus , and are included in these 
columns merely for the sake of completeness, with no intention on my part 


of«transferring them to the latter genus. 


CALYPTEOBOliEN 

J. Papaya 

aconitifolius 

paucistamineus 

angustidens 

polyanthus 

calyculatus 

Pringjei 

ehayamansa 

pubescens (Pax) P. & H. 

cordifolius 

fJ. pyrophora 

J. deutziiflora 

J . quinqueloba 8ess6 

fragrans 

quinquelobatus 

inermiflorus 

rotundifolius 

?J. jaenensis 

Shrevei 

J. Jurgenseni 

tepiquensis 

Kunthianus 

tubulosus 

J. Liebmanni 

fJ. vitifolia Mill. 

longepeduncula tus 


longipes 

VITirOUAE 

maculatus \ 

albomaculatus 

multilobus 

appendiculatus 

napaefolius 

bahianus 

oligandrus 

J. basiacantha 

palmatus 

campanulatus 

Palmeri 

cnicodendron 



1944] 


MCVAUGH: CNIDOSCOLUS 


473 


J. diacantha 

CNIDOSCOLUS 

hasslerianus 

(Victorinia) 

horridus 

acrandrus 

peruvianus 

J. regina 

J. Sellowiana 

(Phyllacanthae) 

tetracyclus 

bellator 

Ulei 

lobatus 

vitifolius Pohl 

phyllacanthu8 

JUSS1EU1A 

quercifolius 

repandus 

(Urnigerae) 

(Eucnidoscolus) 

urnigerus 

hamosus 

(Urentes) 

hypoleucus 

adenophilus 

leuconeurus 

herbaceus 

loasoides 

infestus 

maracayensis 

ILoefgrenii 

obtusifolius 

Marcgravii 

pubescens Pohl 

Michauxii 

serrulatus 

neglectus 

subinteger 

osteocarpus 
quinquelobns Pohl 

PLATYANDRAF. 

stimulosus 

Matosii 

ftenuifolius 

plat y an dr us 

texanus 

Rangel 


DOUBTFUL SPECIES 

The following species cannot be assigned to any section: 1. Jatropha 
aculeatmima Colla, Herb. Pedem. 5: 112. 1836, based on a Brazilian plant 
collected by Pedro d’Agoa. 2. Jatropha octandra Sesse in Cerv. Supl. Gaz. 
Lit. 4. 1794, based on a Mexican collection. 3. Cnidoscolus Souzae MoV. See 
above. 

EXCLUDED SPECIES 

Cnidoscolus snrinamcnsis Miq. Linnaea 18: 749 (1844) is a synonym of 
Croton lobatus. 

Division of Plant Exploration and Introduction, Bureau of Plant 
Industry Station 
Beltsville, Maryland 


Literature cited 

1. Bondar, Gregorio. Penao. Cnidoscolus Marcgravii Pohl. Novo recurso oleifero da 

Baliia. Bol. Inst. Central Fom. Econ. Bahia 12: 1-16. 1942. 

2. Calvino, Mario. La mejor verdura del tropico. La Cliaya. Rev. Agric. Com. y Trab. 

[Cuba] 2: 364-365. 1919. 

3. Hitchock, A. S. A Green, M. L. Species lectotypicae propositae. Int. Rules Bot. 

Nomencl. ed. 3. 139-143. 1935. 

4. Ledn, Hermano. La Sabrosa. Especie nueva del g6nero Jatropha . Mem. Soc. Cub. 

Hist. Nat. 12: 349-354. pi 27, 27a. 17 D. 1938. 



474 


BULLETIN OF THE JTORREY CLUB 


[Vol. 71 


5. ---, Cnidoscolus y Victorinia gen. nov. en Cuba y Espanola. Mem. Soc. 

Cub. Hist. Nat. 15; 235-244. pi. 23, 24. 10 Jl. 1941. 

6. Mackenzie, K. K. Type of the genus Jatropha. Bull. Torrey Club 66 : 213-215. 

1929. 

7. McVaugh, Rogers. The Mexican species of Jatropha (with special reference to pos¬ 

sible sources of “chitte” rubber). 1-23, /. 1-14 (processed). Rubber Develop¬ 
ment Corp., Washington, D. C. Jl. 1943. 

8 . Mueller, JT. Euphorbiaceae. Vorlaiifige Mittheilungen. . . . Linnaea 34; 207-212 

[Jatropha], 1865. 

9 . --, Jatropha. DC. Prodr. 15(2): 1076-1105. 1866. 

10. -. Jatropha. Mart. FI. Bras. 11(2): 485-502. 1874. 

11. Pax, F. Euphorbiaceae — Jatroplieae. Pflanzenreich IV. 147: 1-148. 3 My. 1910. 

12. Pax, F., and Hoffmann, K, Cnidoxcolus. Natiirl. Pflanzenfam. ed 2. 19c: 164-167. 

1931. 

13. Wheeler, L. C. Pedilanthvs and Cnidottcolus proposed for conservation. Contr. Gray 

Herb. 124: 47-52. 16 F. 1939. 



BULLETIN OF THE TOEREY BOTANICAL CLUB 


VOL. 71, No. 5, pp. 475-483 


September, 1944 


JUNIPERUS VIRGINIANA, J. HORIZONTALIS AND J. SCOPU- 
LORUM—II. HYBRID SWARMS OF J. VIRGINIANA 
AND J. SCOPULORUM 

Norman C. Fassett £ 

J. virginiana and J. scopulorum differ in ten sets of characters; 1 the five 
most conveniently used are listed in tables 1 and 2. In table 1, each horizontal 
line represents one tree in a colony of J. virginiana. The epidermal cells of 
the leaves vary from 5 to 20 p in width ; 2 each figure in the first column was 
obtained by measuring 30 cells and averaging. The averages range from 
9.7-12.2 p; in a colony of J. scopulorum (table 2) they range from 14.8- 
12.5 p. Column 2 in table 1 shows every individual of J. virginiana to have 
overlapping leaves, while in J. scopulorum (table 2) the leaves rarely over¬ 
lap, and then but very little. In column 3, the foliar gland of J. virginiana 
is in every case seen to be shorter than the distance from the gland to the 
tip of the leaf, while in J. scopulorum (table 2, third column) the gland 
always exceeds this distance. The leaf tips are always acute in J. virginiana 
(table 1, fourth column) and always blunt in J. scopulorum (table 2, fourth 
column). Column 4 is incomplete in the tables, because not all the trees bear 
carpellate cones. In J. virginiana 0-33 per cent of the cones are on hooked 
peduncles, and the majority of them are on straight peduncles. In J. scopu- 
lorum 8-70 per cent of the peduncles are hooked. Therefore, a figure between 
8 and 33 may be either species. 


TABLE 3. Ten individuals of J. virginiana from Portland , Connecticut . 


Average 
width of 
epidermal 
cells, in 
micra 

leaves over¬ 
lapping or 
not over- 
lapping 

Gland 

shorter than 
distance to 
tip or leaf, 
or longer 

Leaf tips 

Fer cent of 
peduncles 
curved 

9.7 

Overlapping 

Shorter 

Acute 


10.0 

Overlapping 

Shorter 

Acute 

0 

10.3 

Overlapping 

Shorter 

Acute 


11.0 

Overlapping 

Shorter 

Acute 

8 

11.3 

Overlapping 

Shorter 

Acute 

0 

11.3 

Overlapping 

Shorter 

Acute 


11.7 

Overlapping 

Shorter 

Acute 


11.8 

Overlapping 

Shorter 

Acute 


13.8 

Overlapping 

Shorter 

Acute 


12.2 

Overlapping 

Shorter 

Acute 



1 Fassett, Bull. Torrey Club 71: 410-418. 1944. 

2 For table showing the proportions of each width class on individual trees, see 
Fassett, l. c. 
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TABLE 2. Ten individuals of J . scopulorum from Upper Tunnel , Bad Lands of 
South Dakota . 


Average 
width of 
epidermal 
cells, in 
micra 

Leaves over¬ 
lapping, or 
not over¬ 
lapping 

Gland 

shorter than 
distance to 
tip of leaf, 
or longer 

Leaf tips 

Per cent of 
peduncles 
curved 

13.3 

Not 

Longer 

Obtuse 


13.5 

Not 

Longer 

Obtuse 

39 

14.5 

Not 

Longer 

Obtuse 

62 

15.0 

Not 

Longer 

Obtuse 

47 

15.2 

Not 

Longer 

Obtuse 


16.2 

Slightly 

Longer 

Obtuse 


16.3 

Slightly 

Longer 

Obtuse 


16.6 

Slightly 

Longer 

Obtuse 

17 

16.8 

Slightly 

Longer 

Obtuse 

36 

17.5 

Not 

Longer 

Obtuse 

50 


That the single table here presented for each species is practically identi¬ 
cal with similar tables which have been made for each species has already 
been demonstrated in the first paper of this series;' the proviso was there 
made, however, that these characters do not remain constant in areas where 
two species of the group grow together. Such areas exist in the Dakotas and 
Nebraska, where the ranges of J. virginiana and J. scopulorum overlap. 

In the Arnold Arboretum there is a sheet of characteristic J. virginiana 
from Dell Rapids, near the eastern border of South Dakota, and several 
sheets of equally characteristic J. scopulorum from the Black Hills, at its 
western border. The writer has made mass collections at Wasta and at Upper 
Tunnel (in the northwestern part of the Bad Lands), and both collections 
consist entirely of pure J. scopulorum. But at the localities shown by figures 
on the map are colonies of red cedars showing various recombinations of the 
characters of the two species. 

TABLE 3. Nine individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from Chamberlain , South Dakota. 


Average 
width of 
epidermal 
cells, in 
micra 

Leaves over¬ 
lapping or 
not over- 
lapping 

Gland 

shorter than 
distance to 
tip of leaf, 
or longer 

Leaf tips 

Per cent of 
peduncles 
curved 

11.0 

Overlapping 

Shorter 

Acute 

41 

11.3 

Overlapping 

Shorter 

Acute 

41 

*11.3 

Overlapping 

Shorter 

Acute 

11 

*11.3 

Overlapping 

Shorter 

Acute 

29 

11.8 

Overlapping 

Shorter 

Acute 

38 

13.0 

Not 

Shorter 

Acute 


13.5 , 

Overlapping 

Shorter 

Acute 


14.3 

Overlapping 

Shorter 

Acute 


16.5 

Not*' 

Shorter 

Acute 

45 


3 Fassett, 2. c. 
£ * 
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At Chamberlain, S. D. (6 in figure 6), twigs from nine trees were ex¬ 
amined (table 3). These all agree with J. virginiana in having short foliar 
glands and acute leaf tips, and in all but two the leaves overlap. But the trees 
which bear cones all have proportions of hooked peduncles which agree with 
J. scopulorum much better than with J. virginiana . The epidermal cells, 
moreover, are characteristic of J. scopulorum in four cases. Were one to 
encounter each of these as a separate herbarium sheet, only two individuals 
(indicated by asterisks in table 3) would be identified as J. virginiana; the 



Figs. 1-5. Juniperus at Cedar Pass, Bad Lands of South Dakota. 


first two would be called J. virginiana but the large percentages of hooked 
peduncles, and the other five could be characterized only as having mixtures 
of characters of each. These trees grow in low ground along the Missouri 
River, just west of Chamberlain, in a fairly moist habitat that suggests 
J. virginiana rather than ,7. scopulorum; furthermore, the trees look like the 
eastern species. The colony might be described as consisting of J. virginiana 
with a slight admixture of J. scopulorum, expressed by the high percentages 
of hooked peduncles and the wide epidermal cells of many trees. 
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The traveller from the east usually enters the Bad Lands of South Dakota 
at Cedar Pass (4 in figure 6), obviously named for the cedar-filled canyon 
whose rim is skirted by the highway. Of the 40 individuals collected (table 
4) none can be identified as pure J. virginiana, and but one (marked with an 

TABLE 4. Forty individuals of a hybrid swarm of J . virginiana and J . scopulorum 
from Cedar Pass , Bad Lands of South Dakota . 


Average 
width of 
epidermal 
cells, in 
micra 

Leaves over¬ 
lapping or 
not over- 
lapping 

Gland 

shorter than 
distance to 
tip of leaf, 
or longer 

Leaf tips 

Per cent of 
peduncles 
curved 

11.3 

Not 

Shorter 

Obtuse 


12.3 

Overlapping 

Shorter 

Obtuse 

45 

12.5 

Overlapping 

Shorter 

Acute 

50 

12.5 

Overlapping 

Shorter 

Obtuse 


12.7 

Overlapping 

Shorter 

Obtuse 


12.7 

Not 

Longer 

Obtuse 

70 

12.8 

Not 

Longer 

Obtuse 


12.8 

Overlapping 

Shorter 

Obtuse 


13.0 

Overlapping 

Shorter 

Obtuse 


13.2 

Overlapping 

Shorter 

Obtuse 


13.2 

Overlapping 

Shorter 

Obtuse 


13.3 

Not 

Longer 

Obtuse 


13.3 

Overlapping 

Longer 

Obtuse 


13.5 

Overlapping 

Shorter 

Acute 


13.5 

Overlapping 

Shorter 

Obtuse 


13.7 

Overlapping 

Shorter 

Acute 


13.8 

Overlapping 

Shorter 

Obtuse 


14.0 

Overlapping 

Shorter 

Acute 


14.2 

Overlapping 

Shorter 

Acute 


14.2 

Overlapping 

Shorter 

Obtuse 


*14.2 

Not 

Longer 

Obtuse 


14.3 

Overlapping 

Shorter 

Obtuse 


14.3 

Overlapping 

Shorter 

Obtuse 


M 14.5 

Overlapping 

Shorter 

Obtuse 

50 

14.8 

Overlapping 

Shorter 

Obtuse 


14.8 

Overlapping 

Shorter 

Acute 

6 

14.8 

Overlapping 

Shorter 

Acute 


15.0 

Overlapping 

Shorter 

Obtuse 


15.0 

Not 

Shorter 

Acute 


15.2 

Overlapping 

Shorter 

Acute 


15.3 

Overlapping 

, Shorter 

Acute 


15.5 

Overlapping 

Shorter 

Acute 


16.3 

Overlapping 

Shorter 

Obtuse 


16.3 

Overlapping 

Shorter 

Acute 


16.3 

Not 

Shorter 

Acute 


16.5 

Overlapping 

Shorter 

Obtuse 


16.6 

Overlapping 

Shorter 

Obtuse 


17.7 

Not 

Shorter 

Acute 



asterisk) is pure J. scopulorum. Throughout the colony, the characters of the 
two species seem to be thoroughly scrambled, occurring in all possible combi¬ 
nations. Some of the trees Took like J. virginiana, some look like J. scopu¬ 
lorum, and many have a peculiar appearance scarcely characteristic of either 
species (figs. 1-5). The combination of characters most frequently found is 
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TABLE 5. Six individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from a bluff south of White River, 8 miles south of Interior , South Dakota . 


Average 
width of 
epidermal 
cells, in 
micra 

Leaves over¬ 
lapping or 
not over¬ 
lapping 

Gland 

shorter than 
distance to 
tip of leaf, 
or longer 

Leaf tips 

Per cent of 
peduncles 
curved 

11.7 

Overlapping 

Longer 

Obtuse 


13.3 

Overlapping 

Longer 

Obtuse 

61 

*15.6 

Not 

Longer 

Obtuse 


*15.8 

Not 

Longer 

Obtuse 


16.0 

Overlapping 

Longer 

Obtuse 

47 

16.5 

Not 

Longer 

Obtuse 

17 


«7. virginiana in all but the wide epidermal cells of the leaves; of the 11 indi¬ 
viduals showing this combination but one bears cones, and this one has 6 per 
cent of the peduncles hooked, as is also characteristic of J. virginiana. 

A few miles south of Cedar Pass (5 in figure 6; table 5), to the south of 
the White River, six cedars were collected on a hot dry hillside. That these 
trees had pointed crowns, instead of the rounded ones usually characteristic 
of J. scopulorum , is probably not significant, for that species sometimes has 
pointed crowns. Three of the trees are characteristic J . scopulorum, and are 
indicated by asterisks in table 5, while each of the other three shows one or 
more characters of J. virginiana. In contrast to the colony at Chamberlain, 
at the eastern limit of observed influence of J. scopulorum, this may be 
described as a colony of J. scopulorum with some admixture of J. virginiana 
representing the farthest western influence of the latter species. 


TABLE 6 . Sixteen individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from Ainsworth, Nebraska. 


Average 
width of 
epidermal 
cells, in 
micra 

Leaves over¬ 
lapping or 
not over- 
lapping 

Gland 

shorter than 
distance to 
tip of leaf, 
or longer 

Leaf tips 

Per cent of 
peduncles 
curved 

10.8 

Not 

Shorter 

Acute 


*11.0 

Overlapping 

Shorter 

Acute 

0 

11.0 

Not 

Shorter 

Acute 


*11.5 

Overlapping 

Shorter 

Acute 


12.2 

Not 

Shorter 

Acute 

0 

12.2 

Not 

Shorter 

Acute 


12.3 

Overlapping 

Shorter 

Acute 


13.0 

Overlapping 

Shorter 

Acute 


13.2 

Overlapping 

Shorter 

Obtuse 


13.3 

Overlapping 

Shorter 

Acute 


13.5 

Overlapping 

Shorter 

Acute 

4*0 

13.5 

Overlapping 

Shorter 

Acute 

0 

13.5 

Not 

Shorter 

Acute . 


13.6 

Overlapping 

Shorter 

Acute 


14.6 

Not 

Shorter 

Acute 


15.0 

Not 

Shorter 

Acute 
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Fig. 6 . Heavy line: approximate northeastern limits of J. scopulorum . Broken line: 
approximate northwestern limits of J . virginiana. 1-16: locations of herbarium specimens 
or mass collections showing some mixture of characters of the two species. 1. Medora, 
Billings Co., N. D. 2. Paradise, Grant Co., N. D. These two specimens in Herb. N. D. Agr. 
Coll. 3. Month of Big Cheyenne River, 8. D., collected by Lewis & Clark in 1804. 4. Mass 
collection from Cedar Pass, 8. D., described in table 4. 5. Mass collection from Interior, 
8 . D., described in table 5. 6. Mass collection from Chamberlain, 8. D., described in table 
3. 7. Mass collection from Johnstown, Neb., very similar to the next. 8. Mass collection 
from Ainsworth, Neb., described in table 6. 9. Mass collection from Lewellen, Neb., de¬ 
scribed in table 7. 10. Mass collection from Ogalalla, Neb., described in table 8. 11. Speci¬ 
men from Rockport, Kans., with epidermal cells averaging 17.6 p in width. This and all 
the following specimens are in Herb. Kans. State Coll. 12. Specimens from Ellis Co., Kans., 
with epidermal cells averaging 16.2 p in width. 13. Specimen from Cloud Co., Kans., with 
epidermal cells averaging 15.0 p in width. 14. Specimen from Morris Co., Kans., with 
epidermal cells averaging 14.3 p ip width. 15. Specimens from Medicine Lodge, Barber 
Co., Kans., with epidermal cells averaging 14.3 p in width. 16. Specimen from Chautauqua 
Co., Kans., with Epidermal cells averaging 14.3 p in width. 
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TABLE 7. Twelve individuals of a hybrid swarm of J. virginiana and J. scopulorum 
from Lewellen , Nebraska . 


Average 
width of 
epidermal 
cells, in 
micra 

Leaves over¬ 
lapping or 
not over- 
lapping 

Gland 

shorter than 
distance to 
tip of leaf, 
or longer 

Leaf tips 

Per cent of 
peduncles 
curved 

12.0 

12.3 

12.5 

12.5 

13.0 

13.2 

13.8 

14.0 

14.0 

14.5 

14.5 

14.5 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Overlapping 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Shorter 

Acute 

Acute 

Obtuse 

Obtuse 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

Acute 

19 

0 

5 

0 

7 

25 

12 

20 

5 

A fragmentary specimen at the Arnold Arboretum, collected by Lewis & 
Clark on October 28, 1804, at 44 Little or Lookout Point of the Missouri at or 
near the mouth of the Big Cheyenne River’ 9 (3 in figure 6) has the blunt 
leaves with wide epidermal cells of J . scopulorum, and the overlapping leaves 
with gland length less than the distance to the tip as in J. virginiana ; it 
probably represents one individual from a hybrid swarm. 

About 90 miles south of Chamberlain, two mass collections were made, 
at Johnstown and Ainsworth, Nebraska (7 & 8, respectively, in figure 6). 
They are so similar that only the collection at Ainsworth is presented in 
detail (table 6). These trees grow along the banks of, and at some distance 

TABLE 8. Twelve individuals of a hybrid swarm of J . virginiana and J . scopulorum 
from Ogallala, Nebraska. 

Average 
width of 
epidermal 
cells, in 
micra 

Leaves over¬ 
lapping or 
not over- 
lapping 

Gland 

shorter than 
distance to 
tip of leaf, 
or longer 

Leaf tips 

Per cent of 
peduncles 
curved 

12.7 

Overlapping 

Shorter 

Acute 


13.2 

Overlapping 

Shorter 

Obtuse 

19 

13.2 

Overlapping 

Shorter 

Acute 


13.3 

Overlapping 

Shorter 

Acute 

5 

13.6 

Overlapping 

Shorter 

Acute 


14.3 

Overlapping 

Shorter 

Acute 

20 

14.3 

Overlapping 

Shorter 

Acute 


15.3 

Overlapping 

Shorter 

Acute 


16.0 

Overlapping 

Shorter 

Acute 


16.5 

Overlapping 

Shorter 

Acute 


17.8 

Overlapping 

Shorter 

Acute 

50 

18.7 

Overlapping 

Shorter 

Acute 

25 
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back from, a small stream. 4 They all look like J. virginiana, and as in the 
colony at Chamberlain there is some admixture of J. scopulorum so that but 
two individuals (marked by asterisks) would be unquestionably identified 
as J . virginiana. However, here a different set of characters from J. scopu¬ 
lorum is infused into J. virginiana. There are no hooked peduncles on any 
of the four fruiting plants, but nearly half the trees have the non-over- 
lapping leaves of J. scopulorum. One tree has the blunt leaves of J. scopu¬ 
lorum , but none has the long glands characteristic of the western species. 
As at Chamberlain, the averages of leaf size run the gamut from J. virgini¬ 
ana to J . scopulorum, with many intermediates. 

TABLE 9. Summary of tables 1-8; tendencies of characters in each region. 



Epidermal 

cells 

Over- 
lapping 
of leaves 

Length of 
foliar 
gland 

Leaf tips 

Peduncles 

Portland, Conn. 

All 

All 

All 

All 

All 


virginiana 

virginiana 

virginiana 

virginiana 

virginiant 

Scattered in 
Kans. 

Approach 

scopulorum 

All virg. 

All virg. 

All virg. 

All virg. 

Ogallala, Neb. 

Range from 
virg.scop. 

All virg. 

All virg. 

11 out of 12 
virg. 

4 out of 5 
virg. 

Lewellen, Neb. 

Range from 
virg.scop. 

All virg. 

All virg. 

9 out of 12 
virg. 

All virg. 

Ainsworth, Neb. 

Range from 
virg.scop. 

7 out of 16 
virg. 

All virg. 

All virg. 

All virg. 

Chamberlain, 

S. D. 

Range from 
virg.scop. 

7 out of 9 
virg. 

All virg. 

All virg. 

All scop. 

Cedar Pass, 

Range from 

30 virg. 

33 virg. 

14 virg. 

1 virg. 

S. D. 

virg.scop. 

8 scop. 

5 scop. 

24 scop. 

4 scop. 

Interior, S. D. 

Range from 
virg.scop. 

3 virg. 

3 scop. 

All scop. 

All scop. 

All scop. 

Upper Tunnel, 

S. D. 

All scop. 

All scop. 

All scop. 

All scop. 

All sc<tp. 


Two large mass collections have been made in southwestern Nebraska 
(9, 10 in figure 6) by Dr. Walter I^iener; from each of these 12 individuals 
have been examined and the results presented in tables 7 and 8. Like the two 
mass collections in northern Nebraska, they are very similar, indicating some 
degree of regional uniformity. 5 For the most part they are all fairly pure 
J. virginiana , but the influence of J. scopulorum is shown by the tendency 
toward wide epidermal cells. 

The material from Kansas, loaned to me from Kansas State College by 
Prof. F. C. Gates, is mostly pure J. virginiana, but a few sheets from scat¬ 
tered regions (11-16 in figure 6) show the wide epidermal cells of J. scopu¬ 
lorum. Three mass collections from Kansas were examined, and all proved 

i m i ■ : 

4 Dr. Walter Kiener writes me that this stream is Bone Creek. 

5 Meaning that the colonies within a region vary in the same way, not that all indi¬ 
viduals in a region are alike. 
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to be pure J. virginiana: Dr. Gates made a very large collection in Riley 
County, of which 142 individuals were studied; Rev. S. V. Fraser collected 
9 individuals in Cloud County; and at Sedan, Chautauqua County, 12 indi¬ 
viduals were collected by Homer Stephens, L. H. Shinners and Grant 
Cottam. 

conclusions 

Colonies in the east are pure J. virginiana; in Kansas occasional plants 
show a slight tendency toward J. scopulorum; in Nebraska this tendency is 
stronger; in the Bad Lands of South Dakota colonies show a completely 
scrambled mixture of characters of the two, then grade off to pure J. scopu- 
lorum in the west. These facts are shown in tabular form in table 9. 

The mixture at Cedar Pass, where there seems to be no correlation of 
characters, is probably the result of a comparatively recent meeting of the 
two present species. There has probably not been time for a scattering of 
the variability, 0 and there have probably been successive migrations of one 
or both parents, which have kept variability at a high level. At Chamber- 
lain (table 3; 6 in figure 6) the meeting was probably farther in the past, and 
back-crosses with J. virginiana have been possible, so that the J. scopulorum 
characters have been largely swamped out, persisting strongly in the hooked 
peduncles and to some extent in the tendency of some individuals to have 
wide epidermal cells. The situation is much the same at Ainsworth (table 6; 
8 in figure 6), but, as might be expected, scattering of the variations has left 
a set of J. scopulorum characters, different from the set left at Chamberlain. 
In Kansas, where there is a gap between the present ranges of the two spe¬ 
cies, the tendency of occasional individuals of J. virginiana toward having 
the wide epidermal cells of J. scopulorum suggests an ancient incursion of the 
range of the latter species into that of the former. 

The writer wishes to express appreciation to the Wisconsin Alumni 
Research Foundation for grants making possible the studies of these trees 
over a large part of their ranges, to the Arnold Arboretum for loans of 
material, and to the several gentlemen mentioned in the text, who have made 
mass collections in critical areas. 


SUMMARY 

Where Juniper us virginiana grows by itself, and where J. scopulorum 
grows by itself, each species retains pure specific characteristics, except in 
areas in the western part of the range of J. virginiana where certain ten¬ 
dencies toward J. scopulorum suggest an ancient incursion of that species. 
Where the ranges of the two species meet, all recombinations of the charac¬ 
ters of each occur in individuals of one colony. 

Department of Botany, University of Wisconsin 
Madison, Wisconsin 


o See Dobzhansky, Genetics and the origin of species , p. 130, 132. 
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SUPPLEMENTARY NOTES ON AMERICAN LABIATAE—III 1 

Carl Epling 
Stachys 

S. lamioides Benth. Colombia *. ComisarIa del Putumayo : alta cuenca 
del rio Putumayo en El Valle de Sibundoy extremo E., junto a San Fran¬ 
cisco, 2200 m., Cuatrecasas 11548. 

S. calcicola Epling, sp. nov. Herba perennis prostrata repens et in nodis 
radicibus crassiusculis radicantibus, caulibus pilis graeilibus patentim vil- 
losis, internodiis ramulorum floriferum quam folia brevioribus vel paulo 
longioribus, ramulorum procurrentium duplo triplove longioribus; foliorum 
laminis ovalibus, 1.5-2.5 cm. longis, crenato-serratis, subtus venulosis, paginis 
ambabus pilis graeilibus mollibus appress-hirsutis; petiolis plerumque 5-10 
mm. longis; floribus tribus in foliorum deminutorum supremorum dispositis, 
glomerulis plus minusve confertis; calycum florentium tubo 3-4 mm. 
longo, extus molliter appresso-hirsuto, dentibus deltoideis 1.5-2 mm. longis, 
obtusis, muticis; eorollarum tubo 6-7 mm. longo, sat erasso, integro, intus 
supra tubi basim 3 mm. transverse annulato, labia superiore 6-7 mm. alta; 
staminibus e tubo sub galeam 3 mm. exsertis. Guatemala : Dept. Httehue- 
tenango: vicinity of Chemal, summit of Sierra de los Cuchumatanes, alt. 
3700-3750 m., rocky lime outcrops with Juniperus Standleyi , August 8, 1943, 
Steyermark 50266 , type (UCLA). In pubescence, as well as habit, this spe¬ 
cies suggests S . ajugoides of California or 8. sericea of Chile, but the annulus 
in the corolla tube of these,species is oblique, rather than transverse. Perhaps 
it is more nearly allied to the former. 

S. glechomoides Epling, sp. nov! Herba perennis decumbens caulibus 
gracjjibus debilibus utrimque solim ad angulos pilis brevibus graeilibus 
retrorso-appressis sat dense vestitis internodiis quam folia duplo longioribus; 
foliorum laminis cordato-ovatis, etiam rotundatis, 1.5-2.5 cm. longis, in 
apice obtusis vel infimis rotundatis, paginis ambabus pilis graeilibus sparse 
vestitis vel inferiore glabra, marginibus obtuse crenatis, crenis plerumque 
15-20; petiolis graeilibus 20-30 mm. longis, hirsutis; floribus plerumque 
tribus in foliorum supremorum et, bracteorum deminutorum axil! is dis¬ 
positis, glomerulis inter se 1-3 cm. distantibus; calycum florentium tubo 
3-3.5 mm. longo, extus sparse hirtellis, dentibus 1.5-2.5 mm. longis, acumi- 
natis, ciliolatis, spinulosis, in maturitate non visis; eorollarum rosearum tubo 
sat erasso, integro, 9-10 mm. longo, intus circiter 3 mm. supra basim trans¬ 
verse annulato, labia superiore 4-5 mm. alta; staminibus 2.5-3 mm. e tubo 
sub galeam exsertis. Guatemala: Dept. Huehuetenango : Wet cloud for¬ 
est at Cruz de Simon, between San Mateo Ixtatan and Nued, Sierra de los 
Cuchumatanes, alt. 2600-3000 m., July 31, 1942, Steyermark 49789, type 
(UCLA). Wet cool cloud forest between Canana and Quetzal, Cerro Canana, 
between Micapuxlac and Canana, Sierra de los Cuchumatanes, alt. 2500^ 
2800 m., July ,18, 1942, Steyermark 49102. It is not without reluctance that 

i See Bull. Tdrrey Club 8?7: 509-534. 1940; 68: 552-568. 1941. 
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I describe this species in so difficult a genus and section. The species is allied 
to 8. costaricensis and much resembles the type of that species in habit. The 
distinctive appressed pubescence which occurs only along the angles of the 
stem and the leaf margins suggests that it is not the same. The crenations of 
the leaf margins of 8 . costaricensis are usually 30-40 in number and are 
generally more acute; the pubescence is of a different sort, not confined to 
the angles, and is retrorse but not appressed. 

S. Lindenii Benth. Guatemala: Dept. Suchitepequez : Volcan Santa 
Clara between Finca El Naranjo and upper slopes, 1250-6250 m., Steyer- 
mark 46694. Chiapas. Mt. Tacana, 2400-4038 m., Matuda 2310 . What may 
prove to be an outlying variant of this species has been collected by Gentry 
(No. 1144) in Mexico at San Bernardo, Sonora. It is a more slender, less 
hispid plant, with more slender corollas and shorter calyx teeth. 

S. eeiantha Benth. Guatemala: Dept. Huehuetenango: between 
Tojquia and Caxin bluff, summit of Sierra de los Cuchumantanes, 3700 m., 
Steyermark 50219. This is the first collection I have seen from Central 
America of this species, which hitherto has been known only from Mexico 
and northern South America. This collection resembles the South American, 
rather than the Mexican specimens. 

S. costaricensis Briq. Guatemala: Dept. Zacapa : upper slopes, along 
Rio Repollal to summit of mountain, 2100-2400 in., Steyermark 42534 . 
Steyermark 42940 , Dept. Zaeapa, between Santa Rosalia de Marraol and 
Vegas, may represent the same species, but the calyces are large and atypi¬ 
cal. Steyermark 48944 , collected near Nucapuxlac, may be a depauperate 
form. 

S. radicans Epling. Guatemala : Dept. Huehuetenango : alpine areas 
in vicinity of Tunima, Sierra de los Cuehumatanes, 3400-3500 m., Steyer¬ 
mark 48394. Also collected in the same region by Skuleli (No. 1216 , 1225), 
but not previously known from Central America. 

S. guatemalensis Epling. Guatemala: Dept. Huehuetenango : be¬ 
tween Barillas and Cerro Victoria, Sierra de los Cuehumatanes, 1700-1800 
m., Steyermark 49694. Very similar to the type which was collected in Alta 
Vera Paz. 

S. (?) nubilorum Epling. Guatemala: Dept. Huehuetenango: vicin¬ 
ity of Chemal, summit of Sierra de los Cuehumatanes, 3700-3750 m., Steyer¬ 
mark 50315. The type of this species was collected in Chimaltenango at Santa 
Elena. The present specimen differs in regard to leaf shape, pubescence and 
calyx, but not improbably represents the same species. 

S. coccinea Jacq. Guatemala: Huehuetenango : Cerro Pixpix, above 
San Ildefonso Ixtahuacan, Steyermark 50576. Add the following synonyms: 
Cedronella pallida Lindl. Bot. Reg. pi. 29. 1846. Brittonnastrum pallidum 
Briq. in E. & P. Nat, Pfl. 4(3A): 235. 1897. 

S. lanata Jacq. Peru: Huancavelioa : Prov. Castrovirreina, near Cor¬ 
dova, 3050-3300 m., among rock fences, Metcalf 30264. A Mediterranean 
cultigen, perhaps naturalized here. 

S. peruviana Domb. ex Benth. Peru : Ayacucho : Prov. Lucanas, 6 km. 
from Puquio, 3200 m., Metcalf 30334. Very similar to Dombey’s type. 
Although scarcely annulate, the corolla tube is hirtellous within. 
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Minthostachys 

The putative species of Minthostachys range widely and are differen¬ 
tiated on slender grounds of pubescence, calyx differences, corolla size and 
leaf habit. One is frequently led to doubt the existence of more than one 
highly variable species. Nevertheless, similar or nearly identical forms are 
frequently found in various parts of the range. The following are of interest. 

M. spicata (Benth.) Epl! Peru: Huancavelica : Prov. Castrovirreina, 
near Cordova, 3050-3300 m., Metcalf 30285. Ayacucho: Prov. Lucanas, 
along road Puquio to Lucanas, 3200 m., Metcalf 30329. 

M. mollis (Kunth) Griseb.! Peru : Lima : Prov. Huarocliiri, valley of 
Rio Rimae, near Lima-Oroyo highway, 90 km. east of Lima, 2900 m., Good- 
speed and Weberbauer 33055. Very similar to Kunth’s type found in Ecua¬ 
dor, probably near Cuenca, and to Lehmann 5823 from the same locality. 

. M. tomentosa (Benth.) Epl.! Peru: Cuzco: Prov. Quispicanchis, near 
Marcapata, 300 m., Metcalf 30732. Very like Bentham’s type collected by 
Ruiz and Pavon, possibly in Junin, and like Killip and Smith 24252, also 
collected in Junin. Weberbauer 787.9, collected at Marcapata, is therefore 
more probably M. tomentosa rather than M. setosa, as previously determined 
by me. Metcalf 30724, also from Marcapata, is probably also referable here, 
but differs not only in aspect but especially in the distinctly ovate-acuminate 
calyx teeth. 

M. setosa (Briq.) Epl.? Peru: Prov. Sandia, near Limbani, 3200-3450 
m., Metcalf 304.99. Very similar in floral structure and pubescence to 
Briquet’s type, collected by Kuntze in Bolivia at Rio Juntas, but the leaves 
larger and less acuminate. Plants with the same flowers also occur in Ecuador 
(Bolivar: Penland. 674) and in Peru ( Killip and Smith 22308). They differ 
in aspect and pubescence. 

Lepechinla 

L. caulescens (Ort.) Epling.' Mexico : Sinaloa : Ocurahui, Sierra 
Surotato. Pine forest, 6000-7000 ft., Gentry 6171. Guatemala : Dept. IIue- 
huetenango: near Soloma, Sierra los Cuchumatanes, 2400 m., Steyermark 
49966. 

L. humilis Epling. Colombia.- Dept, del Boyaca : Paramo de Guina, 
3200 m., Barriga 9794. 

h. salv iaefolia (Kunth) Epling. Colombia : Dept, de Boyaca : Paramo 
de Santa Rosa, entre Santa Rosa de Viterbo y Cerinza, 2950 m., Cuatrecasas 
; and Barriga 9725. 

* 

L. bullat^a (Kunth) Epling. Colombia: Comisar{a del Putumayo: 
alta cnenca del.rio Putumayo en El Valle de Sibundoy extremo E., junto a 
San Francisco, 2200 m., Cuatrecasas 11545. 
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L. vesiculosa (Benth.) Epling. Sonkup 441 , labelled as coming from 
Puno, Peru, was in fact collected at Macchupichu, Cuzco (fide E. P. Killip). 

L. Radula (Benth.) Epling. Peru: Dept. Huancavelica : Prov. Taya- 
eaja, Surcubamba, 2600 in., Stork and Horton 10355. 

Lepechinia (Speciosae) sagittata Epling. sp. nov. Herba perennis in 
specimine suppetente vivo altitudine eirciter 40 cm. caulibus paucis ascen- 
dentibus pilis pustulato-ramosis et glandulosis subsessilibus conspersis, inter- 
nodiis quam folia brevioribus; foliorum iaminis pulchre sagittatis, viridi- 
bus, mediis 5-6 cm. longis, 3-3.5 latis, acutis, marginibus erenato-serratis, 
pagina superiore rugosa, ambabus pilis ramosis et glandulis sessiiibus con¬ 
spersis, petiolis 2-2.5 cm. longis; floribus tribus in verticillastris, bracteis 
perstatis membranaceis subtentis, in spicis interruptis dispositis, glomerulis 
inter se 1-1.5 cm. distantibus; calycum florentium tubo 3.5 mm. longo, 
obliquo, extus sparse hispidulo et glandulis sessiiibus consperso, dentibus 
acuminatis, superioribus eirciter 1 mm. longis, inferioribus duplo longi- 
oribus, in maturitate tubo campanulato, 8 mm. longo, dentibus superioribus 
2 min., inferioribus 3 mm. longis; corollarum albidarum tubo 6 mm. longo, 
supra basim 2.5 mm. piloso-annulato; nueulis atris, eirciter 2 mm. longis. 

Grown at Los Angeles from seeds collected by Dr. T. H. Goodspeed in 
western Argentina, type at the University of California (Los Angeles). 

L. Meyeni (Walp.) Epl. Peru: Huancavelica: Prov. Castrovirreina, 
near Cordova, 3050-3300 m., Metcalf 30265. 

Scutellaria 

27. S. tessellata Epling. A collection made by Waterfall (No. 5087) 
in Culberson County, Texas, may represent a quite glabrous form of this 
speeies. If so, it is the first of the section in which pubescence is wanting. 
No nutlets are preserved, hence determination is inconclusive. The leaves, 
however, suggest that an undescribed entity is represented, for they are 
widest near the base, are obscurely and rather coarsely dentate, somewhat 
after the habit of S . cardiophylla , and are differently veined, the principal 
veins tending to arise near the base. 

62. S. (?) pseudocaerulea Briq. Mexico*. Sinaloa: Ocurahui, Sierra 
Surotato. Pine forest, 6000-7000 ft. Gentry 6313. Allied to this species of 
central Mexico and assuredly one of the S. caerulea species group. The only 
other species of this section known from Sinaloa is S. rnsselioides of quite 
different habit. 

75. S. orichalcea J. D. Smith. Guatemala: Dept. Izabal: along Rio 
Frio and tributaries, 75-150 in., Steyermark 41573 . 

95. S. Mociniana Benth. Guatemala: Dept. Hueiiuetenango : Cerro 
Chiblae, between Finea San Rafael and Ixcan, Sierra de los Cuchumatanes, 
1200-2000 m., Steyermark 49155. Apparently this species, heretofore known 
only from the state of Vera Cruz, Mexico. 

98. S. (?) coccinea Kunth, ComisarIa del Putumayo: selva higrofila 
entre Quebrada de la Hormiga y San Antonio del Giiarmes, 330 m., Cuatre- 
casas 11160. 

110. S. Seleriana Loesen. Guatemala: Dept. Zacapa; upper slopes, 
along Rio Repollal to summit of mountain, 2100-2400 m., Steyermark 42472 . 
The nutlets of this specimen are black and minutely pappillate. 
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112. S. Perilomia Epling. 
pampa, Bought 3288. 


Ecuador: Bolivar: Magdalena to Balsa- 
Monarda 


M. austromontana Epling. Mexico : Sinaloa : Oeurahui, Sierra Suro- 
tato. Scattered colonies, pine forest, 6000-7000 ft., Gentry 6181. 


Peltodon 

P. pusillus Pohl. Brasil: Matto Grosso: Braco, Rio Arinos, Baldwin 
3064 . 

Satureja 

S. blliptica (R. & P.) Briq. Add as a synonym Gardoquia pilosa Gray, 
Proc. Am. Acad. 6: 341. 1862. The type is at the U. S. National Herbarium. 
According to E. P. Killip, to whom I am indebted for this note, Gray species 
is listed in the Index Kewensis as coming from the Fiji Islands although in 
fact collected at Banos in Peru. 

S. guatemalensis Standi. Guatemala: Dept. Huehitetenango : La 
Sierra (Tujimach); across river from San Juan Atitan, Sierra de los 
Cuchumatanes, 2500-2900 m., Steyermark 52014. Suggests a shade form, 
just as the following suggests a sun form: Trail between Todos Santos and 
San Juan Atitan, Sierra de los Cuchumatanes, 2600-2700 m.< Steyermark 
51957. The differences in aspect are extreme. 

S. Boliviana (Benth.) Briq. The typical form of this widespread species 
is glabrate, with narrowly obovate entire leaves; the stems appear to be 
strict. This form ranges from Peru to Tucuman. In Argentine, ranging into 
adjacent Bolivia, is a variant [var. tarijense (Wedd.) Epl.] in which the habit 
is more lax, the leaves notably larger, rhomboid-elliptical and more or less 
serrulate. These forms intergrade. Now, in Peru, appears what seems to be 
a variant of this latter in which the branchlets, instead of being minutely 
hirtellous with more or less spreading hairs are definitely pubescent with 
downwardly curled hairs; the leaves also are cinereous and minutely hirtel¬ 
lous. The flowers are fascicled on short axillary branchlets. It is represented 
by Metcalf 30707, collected in Peru, Dept. Puno, Prov. Sandia, 7 km. on road 
from Cuyocuyo to summit, at 3600 m. Metcalf 30435 , collected in the same 
province 2-6 km. south of Limbani, is intermediate, and Metcalf 30687, 
collected 8 km. from Chucinto, is typical of the species. The extremes are so 
unlike as to suggest a specific difference. 


Hedeoma 

H. costatum Gray. Texas: Hudspeth County: Upper end of Victoria 
canyon, Sierra Diablos, Waterfall 4813. 

H. Drummondi Benth. Texas: Hudspeth County: 1 mile west of 
McAdoo Ranch near Victoria canyon, Sierra Diablos, Waterfall 5357. 

t 

- ( Salvia 

S. stjmma A. Nels. Wl&t appears to be this species, described from S. E. 
New Mexico, (or perhaps a form of 8. Henryi Gray) has been collected in 
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the Sierra Diablos, Hudspeth Co., Texas, by Waterfall (No. 5375), The 
specimen is inadequate. The distribution and range of variation of the group 
of species to which summa is allied (8, Roemeriana , 8 . Henryi , 8 . David- 
sonif and an undescribed species from N. E. Mexico) are imperfectly known. 
Much more material than is available is needed for study. 

2. S. occidentals Sw. Guatemala: Dept. Retalhuleu : vicinity of 
ltetalhuleu, 240 m., Standley 83626. 

9. S. pinguifolia W. & S. Mexico : Chihuahua : Canyon de las Varas, 
Santa Clara Mts., 5675 ft., Shreve 9012. 

32. S. Teresae Pern. Mexico : Mexico : Temascaltepee, Temasealtepee, 
1750 m., Hinton 1117. Same, Teneria, 2000 m., Hinton 952. Same, Mina de 
Agua, Hinton 16075. 

41. S. LAVANDULOIDES Kuilth. GUATEMALA: DEPT. HUEHUETENANGO: 
top of Cerro Chemalito, Sierra de los Cuehumatanes, 3.5 mi. West of Santa 
Eulalia, 3100-3150 m., Steyermark 49923. A form with minute appressed 
silvery pubescence which occurs throughout the range of the species (Miehoa- 
can, Hinton; Chiapas, Matuda). 

42. S. Agnes Epling. Michoacan: Cloud forest, Mun. Taneitare, 
10,500 ft., Leavenworth and Hoogstradl 4036. The annual stems arise from a 
tuberous woody caudex. 

57. S. oorruuata Vahl. Ecuador: Bolivar: San Juan to Guaranda, 
3600 m., Ha light 3231. 

59a. S. leucgchlamys Epling. Guatemala: Dept. Hueiiuetenango: 
dry southwest-facing slopes of Sierra de los Cuehumatanes, between Chi- 
antla and Patio de Bolas, 2100-2500 m., Steyermark 48230; 48231 . The sec¬ 
ond specimen cited is similar to the type, collected in the same region; the 
first is much less densely tomentosc. The petioles may be as much as 1 cm. 
long. Mountains west of Aguacatan on road to Huehuetenango, 1950 m., 
Standley 81185 . 

65. S. oreopola Fern. A plant which may be referable to this species 
has been collected by Hinton (No. 16069) at Amoloya, Sultepee, State of 
Mexico. 

103. S. pichinciiensis Benth. Ecuador: Bolivar: Balsapampa, 2500 
m., Haught 3301. 

107a. S. camporum Epling, sp. nov. (17. Macrontachya.) Herba perennis 
altitudine ad 1 m. caulibus glanduloso-villosis sordidis sat crassis; foliorum 
laminis cordatis, crassiusculis ad 10 cm. longis (? et ultra), petiolatis, in 
a pice acuminatis, serrulato-crenatis, pagina superiore dense villosula, in- 
feriore albo-tomentosa molle; floribus verisimiliter oppositis in spicis brevi- 
bus eonfertis bracteis deciduis (semper?) bidentatis subtentis; calyeum 
extus glanduloso-villosorum labia superiore (semper?) tridentata, quam 
inferior longiore, 7-venis at tamen tribus prominulis, dentibus inferioribus 
deltoideis, tubo labiam superiorem sutaequente. 3.5 mm. longo, in maturitate 
vix aucto ut videtur lateraliter compresso; corollarum cyanearum tubo recto 
11 mm. longo, intus nudo tamen ut videtur lateraliter bisaccato; labia su¬ 
periore acuto, inferiore in toto non viso tamen verisimiliter quam superior 
longiore et patente; staniinibus e tubo 15 mm. exsertis paulo supra medium 
positis, gubernaculo in basi deltoideo-ampliato; stylo glabro, ramo superiore 
breviore. 
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Peru ; Amazonas * Prov. Chachapoyas, 2 km. north of Chachapoyas, 
2850 mi, in any open grassland, red clay and rocky soil, Metcalf 30805 
(tfSNH, type). 

108. S. macrqfhylla Benth. Peru ; Dept. Htjanoaveiaca : Salcabamba, 
3300 m., Stark and Horton 10204. 

113. 8. SCUTELLARlOlDES Kuilth. COLOMBIA: CORDILLERA OCCIDENTAL: 
vertiente occidental cerca del filo divisorio entre el Depto. de El Valle y Da 
Intendencia del Choco, al norte de Alban, 2100 m., Dugand and Jaramillo 
3051 . 

118, 8. MBNdax Epling. Guatemala: Dept. El Progreso: between 
Finea Piamonte and top of Montana Piamonte, along Joy a Pacayal, 2500- 
3000 m-, Steyermark 43713. 

119. S. patens Cav. Mexico: Mexico.- Sultepec, Almoloya, Hinton 
16072. The calyces are small, resembling those of 8. mcndtix of Guatemala; 
for the rest, this specimen seems referable here. 

138. S. rubescens Kunth. Colombia: Antioquia: Kan Pedro, Hro. 
Toman 1004. 

139a (262). K. (Longipes) madrenhis Seem. Mexico: Sinaloa ; Quo- 
brado de Mansana, Sierra Surotato. Oak forest, 4000-4500 ft. Gentry 6411. 
Previously known only from the type, collected by Seemann in the “Sierra 
Madre” of N. W. Mexico, and assigned by me to section Dusenostachys to 
the species of which it bears resemblance. This specimen, however, permits 
a more satisfactory examination of the corollas which indicate its reference 
to the following newly erected section; 

Sect. 29a. Longipes Epling, sect, nov 

Herbae perennes sat erassae altitudine 1-2 in., foliis amplis ovato-eordatis 
petiolis sat longis elatis; floribus plerumque 12 et ultra in verticillastris in 
spicis interruptis elongatis speciosis flavidis dispositis; pediccllis gracilibns 
calyces subaequantibus vel longioribus; bracteis deciduis; calycum iabiis 
subaequilongis, superiore 7-venis; corrolis pallide flavidis intus midis, Iabiis 
subaequilongis; staminibus inter tubi medium et fauces positis, in galea in- 
clusis; gubernaeulo ad medium dente retrorso ornato; stylo utrimque pubes- 
cente, ramo postico longiore. Plantae Mexicanae. 

This newly proposed section bears a general resemblance to the sections 
Rubescenten , Ampellophyllae and D+usenostachys. It differs from all of them 
in the details of structure of the calyx and corolla. In the general key it 
would be sought near Secnndae. The key (p. 11, line 4) should therefore be 
amended to read as follows: 

DTK fttamimim gubemacula vel Integra vel ad connexum in dentem parvum extensum 
vel retroraum ornata. E. fttamina inter eorollae tubi medium et fauces posita (vide 
etiam Albotanota* et Hubcscentc*). F. Pedicelli 2-6 rarius 10 mm, longi; plnntne 
austro-americanae, 8. Dugesiana exeepta. 

91 Secnndae. FF. Pedieelli plerumque 10-20 mm. longi; plantae sinaloensew floribus 
flavidis. 29a. Longipes. 

154. S. Haenkei Benth. Soukup 400 labelled as coming from Puno, 
Peru, was in fact collected at La Paz, Bolivia (fide E. P. Killip). 

172. S. CALOCALidN a Briq. Colombia: OomisarIa del Putumayo: alta 
cuenca del rfo Putumayo en El Valle de Sibundoy extremo E., junto a San 
Francisco, 2200 m*, Cuatrecasas 11539. 
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173. S. CINNABAKINA M. & G. GUATEMALA : DEPT. El PROGRESO : Hills 
between Finea Piamonte and slopes southeast, 2400-2500 m., Steyermark 

meo . 

174. S. elEgans Vahl. Add as a probable synonym S. rutilans Carr, 
in Rev. Hortie. 251.1873. Specimens from the Cambridge Botanic Garden, 
thus named by Gray and received by me from Prof. L. H. Bailey are refer¬ 
able to Salvia elegam . 

189. S. Mocinoi Benth. Gi t atemala: Jutiapa: Hill# between Jutiapa 
and Plan de Urrutia, 900-1200 m., Standley 75469; 75648. Between Jutiapa 
and Las Tunas, 850-900 m., Standley 76292. Jutiapa, 850 m., Standley 
75693. Escuintla: Wooded barranca of Rio Burrion, northeast of Escuintla, 
720 m., Standley 89567. 

219. S. rupicola Fern. Mexico: 175 km. north of Mexico City (pre¬ 
sumably on the international highway), 16.VTT.1940, R. D. Northcraft 6 . 
Hidalgo: Tasquillo, 8000 ft., 17.V1I. 1940, Hitchcock and Stanford 7255. 
A shrub to 1.5 m. or more, the leaves 1-3 cm. long, rounded or subcordate 
at the base, the petioles mostly 8-15 mm. long. The type of this species 
(Purpus 431) was evidently a small leaved form. However, Rose’s specimen 
from the same locality clearly connects the above-cited specimens. 

224a. S. capillosa Epling. Mexico: Mexico: Sultepec, Amoloya, Hin¬ 
ton 15399. Apparently this, but the leaves smaller and less cordate, the 
flowers smaller and the spikes more dense than the plants of Michoacan. 

225. S. Urioa Epling. Guatemala : Dept. Zacapa : Sierra de las Minas, 
Steyermark 42935; 12415. 

244. S. AZUREA Michx. ex Lam. subsp. tvpica Epling. Texas: Jasper 
COUNTY: Near Jasper, LundcII and Geiser 11811. Newton County: East of 
Newton, Lundell & Geiser 11889. 

279. S. oompaota Kuntze. Panama: El Volcan, Rio Chiriqui Viejo, 
G. White it. Probably an extreme form of S. polystachya. 

294. S. gracilis Benth. Guatemala: Dept. IIueiiuetenango : above 
San Juan Ixeoy, Sierra de los Cuchumatanes, 2400 in., Steyermark 50082. 
The flowers of this section (Carneae) are ordinarily rose-purple and the 
calyces are often similarly colored, as in Skutch 1090 from the same locality 
as the above-cited specimen. However, Skutch reports the “throat white with 
a rose-magenta line down center.” Steyermark describes the corolla of his 
specimen as follows: “Lower lip of flower white with orchid-rose-colored 
margin; upper lip of corolla whitish with pale, orchid-colored tip.” He 
describes No. 50081 from the same locality as “calyx purple; flower with 
more orchid-rose color,” and No. 51879 as a “rich orchid color, the lower 
lip with a patch of white in upper center.” 

309. S. paudata Ejiling. Nuevo Leon. Villa de Santiago, near Horse¬ 
tail Falls, Leavenworth 809. The bracts may be fairly early deciduous, the 
calyces as much as 11.5 mm. long at anthesis and scarcely larger at maturity, 
and the corolla tube may be 13 mm. long. 

319. S. myriantha Epling. Guatemala: Dept. El Progreso: Sierra 
de Jas Minas, Steyermark 13651. 

319a. Salvia psilopiiylla Epling. Panama : ChiriquI : Potrero Muleto 
to summit, Volean de Chiriqui, 3500-4000 m., Woodson and Schery 452. 
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According to the collection data, this specimen came from a small tree to 
3 m. in height. 

329* S. longimarginata Briq. Venezuela ,• Aragua : Parque Naeional, 
near Rancho Grande, 800-1000 m., forest, Killip 37125 . 

336. S. xalapensis Beuth. Mexico; Mexico: Temascaltepec, Hinton 
16073 . 

343. S. placcida Fern. Guatemala: Dept. Izabal: Cerro San Gil, 
1200-1300 in., Steyermark 41948. 

352. S. pansamalensis .J. D. Smith. Guatemala; Dept, Htjehuete- 
nango: Cerro Chiblac, between Finca San Rafael and Ixcan, Sierra de las 
Cnchumatanes, 1200^2000 m., Steyermark 49156 . Previously known only 
from the type, collected in Alta Vera Paz. 

Sect. 70a. Steyermarkia Epling, sect. nov. 

Frutices grandes insignes ramulis et foliis utrimque glaberrimis; foliis 
lanceolato-ellipticis, utrimque angustatis, coriaceis, breviter petiolatis; flori- 
bus magnam partem 6 (rarius 12) in glomerulis, in spieis interrupts sat 
confertis dispositis, bracteis insignibus purpureis sufceoriaceis attenuatis 
modo hamatis modo sigmoideis deciduis subtentis; calvcum purpureorum 
labia superiore 7-veuis acuminata quam inferior longiore; corollarum tubo 
complanato ad basim papillis binis longioribus transvcrsis ornato, ventricoso, 
labia superiore galeata inferiorem subaequante; staminum inclusorum 
gubernaculo ad medium infra connexum in dentem parvmn producto; stylo 
ad apicem piloso, ramo antico breviore obtuso vel truncato, postice attenu¬ 
ate; nuculis nigris, hilo obscuro.—The flowers of this proposed section are 
scarcely different from those of Cardin ales . and the bracts are similar in 
conformation. But the habit of foliage is so strikingly different and the whole 
aspect of the plant so unique, that it seems preferable to assign it to a sepa¬ 
rate section, which it is a pleasure to name in honor of Dr. Julian A. Steyer- 
marky ^vhose explorations in Guatemala have produced not only this remark¬ 
able species, but numerous others. 

The key to the sections (p. 12, line 11) should be modified to read as 
follows: 

MM. Corollarum tubi intus papillis binis ornati modo imagnati modo inlegri N. 
Folia sat mimbranacea, ovata vel cordata, petiolis 1-10 cm. longis data 70. Cardinal*. h. 
NN Folia eoriacea, laneeolata-elliptica, glt^benima, pctiolls 3-8 mm. longis data. 70a. 
Steyermarkia. LL Corollarum labia . . . 

394a. S. grandis Epling, sp. nov. Frutex grandis altitudine ad 7 m. 
(!) ramulis glaberrimis, internodiis quam folia multo brevioribus; foliorum 
laminis lanceolato-ellipticis, 8-12 cm. longis, 1.5-3 cm. latis, coriaceis, venu- 
losis, acute serrulatis, paginis ambabus glaberrimis, inferiore pallidiorc; 
petiolis 3-8 mm. longis; floribus saepius 3 rarius 6 in bracteorum insignum 
axillis dispositis, in spieis interruptis villosis 10-20 cm. longis instructs; 
bracteis subeoriaeeis, purpureis, attenuatis, caniculatis, bamato-recurvis et 
frequenter sigmoideis 1.5-3 cm. longis, deciduis, extus purpureo-villosis; 
calycum purpurearum florentium tubis 7-8 mm. longis, costatis, extus pur¬ 
pureo-villosis, dn maturitate paulo auctis, labiis maturis 6-7 mm. longis, 
acuminatis; corollarum raseo-purpurearum tubis 16-17 mm. longis, labiis 
subaequilongis, 6 mm. longis; nucnlis nigris. 
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Guatemala: Dept. El Progreso: hills between Finca Piamonte and 
slopes southeast, 2400-2500 ra., 4.11.1942, Steyermark 43156; hills north of 
Finca Piamonte, between Finca Piamonte and summit of volcan Santa Luisa, 
2400-3333 m., 5.11.1942, Steyermark 43482; between Calera and summit of 
volean Siglo, 2000-3300 m., 21.1.1942, Steyermark 13047 (type, Univ. Calif., 
Los Angeles). Dept. Zacapa: between Loma El Pieaeho and Cerre de Monos, 
Sierra de las Minas, 2000-2600 m., 16.1.1942, Steyermark 12768. 

405. S. leuoocepiiala Kunth. Ecuador: Oiiimbokazo : Sibambe, 1900 
m., mostly near streams, Hanyht 3319. 

410. S Dombeyi Epl. Peru: Puno.- Prov. Sandia, near Limbani, 3200- 
3450 m., Metcalf 30476. 

Sect. 79a. Weberbaueria Epling, sect. now 

Frutices foliis atnplis ovatis et eordatis villosis; floribus tribus in verti- 
“illastris bracteis deciduis amplis subtentis in spicis interruptis dispositis; 
ealyeum labia superiore 5-7 venis; eorollarum violacearum tubo 4')-45 mm. 
longo superne gradatim ampliato sat crasso, intus ad basim papillis 2 4 ornato 
et lateraliter bisaeeato; labia inferiore patente amplo quam superior galeata 
longiore; staminibus in labia superiore imdusis, gubernaculo intcgro; stylo 
glabro, ramo superiore longiore. Plantae peruvianae. 

413a. (olim 411) S. scandkns Epl. Peru : Pitno : Prov. Sandia, near Lim¬ 
bani, 3200-1450 m„ Metcalf 30189. The type, collected by Weberbauer in 
Cuzco near Mareapata was noted by him as seandent; this speeimen was 
noted as a shrub 2 m. high. Because the flower parts of the type were inade¬ 
quate for an aeeurale description, the species can now be more fully charac¬ 
terized and classified. Because of the papillate corolla tube, the longer lower 
lip of the corolla and its violet color, it seems preferable to distinguish it 
from Longiflorai to which it was originally assigned by me. Webcrbauena 
would accordingly be sought in the general key on page 11 line 27 under 79. 
Lomjiflorae, which can be changed to read 79a Wibcrbaucna. 

418. S. Palmeri Gray. Mexu o : Scnora ; Canyon on the northeast side 
of Sierra Batuc, 10 mi. from Matape between Matape and Batue, 3100 ft.. 
Wiyyins and Hollins 115. 

435. S. tortuosa Kunth. Ecuador: Prov. Cotopaxi: Between Pilaloa 
and Macuchi, 2500 m„ Hauffht 2957. Both the typical form with densely 
wooly calyces and var. detonsa Epl., with glabrous calyces, are repre¬ 
sented.—Comisana del Putumayo: alta cuenca del rio Putumayo en El Valle 
de Sibundoy extreme E., junto a San Francisco, 2200 m., Cnatrccasas 11560 . 
Known previously only from Ecuador. The upper lip of the calyx of this 
species is sometimes clearly 5-nerved, as in this speeimen. 

443a. S. areolata ( Purpnrcac ) Epling, sp. now Frutices altitudine ad 1 
m. ramulis dense tomentosis; foliorum laminis coriaceis 2.5-3.5 cm. longis, 
ovatis, in a pice obtusis, in basi rotundatis, marginibns obscure serrulatis, 
pagina superiore rugoso-areolata, areolis molliter hirsutis, inferiore mol- 
lissime et densissime tomentosa in siccis rufa; petiolis ad 1 cm. longis; 
floribus 3-6 in verticillastris inter se ad 2 cm. distantilms in spieis interrup- 
lis 5-10 cm. longis dispositis. bracteis deciduis acuminatis molliter hirsutis 
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siibtentis; ealycibus florentibus 8 mm. longis, extus tomentosis, in maturitate 
paulo auetis latioribus, pedieellis 2-3 mm. longis elatis; eorollarum pur¬ 
purearum tubo 10 mm. longo. 

Guatemala.: Huehuetenango : Between Chemal and Calaveras, Sierra 
de los Cuehumatanes, 2800-3700 m., 9. VIII. 1942, Steyermark 50388. 
< 4 With Agave, on southern rocky rim on summit of mountains. Leaves very 
rugose both sides, dull deep blue-grey-green above, buff-greyish beneath. M 
(FM, TYPE), Seems closest in most ways to S. sordida. 

443b. S. sparsiflora (Purpureac) Epling, sp. nov. Frutices altitudine 1 
m, et ultra ramulis pilis brevibus recurvis vel retrorsis hirtellis; foliorum 
laminis eoriaceis in specimine suppeteute 3-4 cm. longis, ovato-ellipticis, in 
apiee obtusis vel breviter aeuminatis, in basi ad petiolos 5-6 mm. longos 
rotundato-angustatis, marginibus serrulatis, pagina superiore et inferiore 
praesertim ad venas hirtella; floribus paucis 1-3 in verticillastris inter se 
3-6 mm. distantibus in spicis interruptis 3-5 cm. longis dispositis, braetiis 
caducis subtentis; ealycibus florentibus 7-8 mm. longis extus sparse hispidu- 
lis, in maturitate paulo auetis latioribus. pedicellis 5 mm. longis elatis; 
eorollarum purpurearum tubo 12 mm. longo, infra papillas leniter eonsti*ieto 
superne plus minusve ventricoso. 

Guatemala*. Huehitetenango : Between Los Palmas and Chaeula, Sierra 
de los Cuchumataues, 1400-1600 m., 1. VIII. 1942, Steyermark 51740 (FM, 
type). Suggests S. Cuatrecasana in many ways and, with the preceding 
species, is more like the South American representatives of this section than 
those of North America. 

443c. S. Cuatrecasana Epling, sp. nov. Frutex ramulis pilis longiori- 
bus extensis sparse villosis, internodiis quam folia brevioribus; foliorum 
laminis subcoriaeeis ellipticis, interdum ovalibus, plerumque 3-4 cm. longis 
et 1-2.5 cm. latis, in apiee obtusiuseulis, in basi angustatis, serrulatis, pagina 
superiore sparse appresso-hirsuta, inferiore pallidiore fere glabra; petiolis 
3-4 t. m. longis; floribus in spicas 3-6 cm. longas confertis; ealycibus flo¬ 
rentibus saepius purpureis 9-10 mm. longis, laeiniis breviter aeuminatis, 
extus glabris, venis prominulis; eorollarum purpurearum tubo 12-13 mm. 
longo, labia inferiore raodo (juam superior breviore modo paulo longiore; 
staminum jugo 9 mm. longo. 

Colombia: Dept. Boyaca; Cord. Oriental. Quebrada de Becerra a I 
noroeste de Duitama, paramos entire bosque, 2970-3300 in., 4.VI11.1940, 
Cvatrecasas 10407 (USNH, type). In habit and aspect, this plant suggests 

sphacelioides of section Angulaiae and also resembles S. Kellermanni of 
section Maoronia. However, the flower color and structure, while not wholly 
typical of section Purpurew , suggest its reference here, 

Eriope 

E. angustifolia (Hvpenioideae) Epling, sp. nov. Herba perennis alti- 
tudine ad 1 m. caulibus erectis ut videtur strietis et verisimiliter e caudice 
lignoso productis, nisi inter Jlores nisi ad radice utrimque glaberrimis et 
glaucis, internodiis elongatis et per insectorum larvas tumidis; foliis infimis 
et mediis ut videtur deciduis, supremorum laminis linearibus vel linearo- 
ellipticis 5-8 cm. longis, &~6 mm. latis, sessilibus, acutis, serratis, utrimque 
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glabris; paniculorum amplorum ramis subdivarieatis graeilibus, internodiis 
modo glabris et glaucis mode dense et minute glandulosis, etiam pilis longi- 
oribus extensis hispidis; floribus inter se 5-10 mm. distantibus, pedicellis 
graeilibus 4-5 mm. longis elatis; calyeibus florentibus 3 mm, longis, in 
nmturitate vix 5 mm. longis; eorollis non visis. 

Brasil: Goyaz: In campo, Serra de Cipo, Santa Luzia, 20.IX.1937, 
Barreto 912A (Field Mus,, type). 

E. (?) teucrioides St. Hil. Brasil: Goyaz: In campo pedregoso, Serra 
de Cipd, Santa Luzia, 25.XI.1938, Barreto 8605 . 

E. fili folia Benth. Brasil: Minas Geraes : In campo arenoso, Arranea 
Rabo, Diamantina, 3.XI.1937, Barreto 9888. 

E. trichopes (Crassipedes) Epling, sp. now Herba perennis diffusa 
altitudine 20-40 cm. ramis subsimplicibus graeilibus e caudice lignoso 
aseendeutibus, et ramulis brevibus aseendento-hirtellis et pilis crassiusculis 
conspersis; foliorum laminis parvis quam internodia multo brevioribus, 
rhomboido-ovatis, sat tenuibus, 4-6 mm. longis, pro rata grande et irregu- 
lariter dentatis, pilis crassiusculis conspersis; racemis foliolosis 10-20 cm. 
longis; floribus inter se 10-20 mm. distantibus, pedicellis tenuibus 12-15 mm. 
longis elatis; calyeibus florentibus vix 1.5 mm. longis, in maturitate duplo 
longioribus; corollarum tubo 2 mm. longo. 

('Jitba *. Isle of Pines, vicinity of San Pedro in pinelands, 15,171,1916, 
Britton , Wilson and Selby 14169 (type, N. Y. Bot. Gard.; isotvpe TJ.S.N.H.). 

Hyptis 

H. (Mintbidiuin) mixta Epling, sp. nov. Herba verisimiliter perennis 
eaulibus molliter pubescentibus, internodiis sat elongatis; foliorum laminis 
ovatis, 3.5-4.5 cm. longis, acutis, in basi rotundato-angustatis, irregulariter 
serratis, pagina superiore liirtella, viride, inferiore molliter pnbescente, 
eanescente; glomernlis hemisphaericis 19-12 mm. diametro in spicis sub- 
moniliformibus dispositis, infimis inter se 2-3 cm. distantibus, pedunculis 
2-5 mm. longis elatis, braeteis paucis subfoliosis, parvis ovato-lanceolatis 
subtentis; ealvcum florentimn tubo vix 1.5 mm. longo, in maturitate 4.5 mm. 
longo, fere 2 mm. diametro, dentibus inequalibus brevibus linearibus vix 
1 mm. longis; corollarum albarum tubo 1.5 mm. longo, nueulis dorsaliter 
gibbis duobus tenuibus ornatis. 

Mexico: Oaxaca : Tuxtepec. Chiltepee and vicinity, 20 m., Y1I.1940— 
11.1941, Martincz-Cahleron 251 (type, r.S.N.II.). 

A species which, while referable to this section by reason of the calyx and 
flower habit, 1ms calyx teeth which are suggestive of those of sections Poly- 
dtsmisi and Eriosphacria. It is perhaps most nearly allied to H. scandens . 

H. scandens Epling. Guatemala : Dept. Peten : semi-chaparral area, 
across river from Savaxche, 50 in., Steyennark 16305 . Previously known 
only from the type, collected at El Paso and described by the collector as a 
“ woody vine in acahnah" This specimen is described as a bushv herb 5 feet 
tail. 

H. (Cyrta: Paludosae) microsphaera Epling, sp. nov. Herba inamoena 
altitudine 1.5 m., eaulibus verisimiliter paucis aseendeutibus pilis minutis 
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awsend^atibos «t pins minuave appressis hirtellis, internodiis elongatis et 
folk super&ntibus; foliorum laminis ovatis vel rhomboideo-ovatia, 1.5-3 cm. 
longis, superiorum subsessilibus, inferiorum ad petiolos 2-4 cm. longos 
euneato-angustatis, in apiee obtusis, in basi rotundato-euneatis, crenato- 
scrratis, utrimque tenuiter hirtellis, fere glabris; glomerulis in paniculis 
bracteatis dispositis, globosis, densis, 5-10 mm. diametro, pcdunculis graeili- 
bus 1-1.5 em. longis elatis, bractcis appresso-hirtellis fere glabris subtentis; 
calycibus florontibus vix 3 mm. longis, glandulis sessilibus dense obsitis, 
nullomodo hirtellis, dentibus quam tubus brevioribus, obtusis, tubis maturis 
vix 3 mm. longis; eorollarum albarum tubo vix 3 mm. longo; nuculis ovoideis, 
.7 mm. longis. 

Venezuela : Bajos del rio Tigre, 1230 m., en Cristovero, ESE de San- 
tonic Auzoategni, 19.XII.1940, Pitticr 14597 (type, Herb. Nac. Venezuela). 

H. sinuata Pohl. Guatemala: Dept. Retaluuleu: Along Rio Ocosito, 
east of Retalhuleu, 300 m., Standby 88279. Dept. Eseuintla. Along or near 
Rio Michatoya, s.e. of Eseuintla, 250-300 m., Standley 89079. 

H. savannarum Briq. GxtatEmala: Alta Vera Paz-. Bogs near Santa 
Cruz along road to San Cristobal, 1350 m., Standley 92728. 

H. d.latata Benth. Venezuela: Bolivar: Rio Paragua, near Cliorrcra 
de Aguacante, 260 m., sabanas, Killip 37559. 

H. atroritbens Poit. Mexico: Oaxaca : Tuxtcpec, Chiltepec, and vie.. 
20 m., in llanos, Mart in c z-C alder on 366, 

H, pulegioides Pohl. Venezuela: Cojedes: sabanas south of San 
Carlos, 14.X1.1940, Chardon 218. 

H. reourvata Poit. Guatemala : Dept. Retalhuleu : Along Rio Ocosito, 
west of Retalhuleu, 300 m., Standley 88268. Vicinity of Las Delicias, s. of 
Retalhuleu, 200 m., Standley 88048. 

H. oonferta Pohl. var. angustifolia Benth. Venezuela : Bolivar : Rio 
Paragua near Chorrera de Aguacante, 260 m., sabanas, Killip 37556. Be¬ 
tween Ciudad Bolivar and El Cristo, 100-300 m., sabanas, Killip 37631. 

H. intermedia Epliug. Guatemala: Dept. IIueiiuetknango : Between 
Ixean and Rio Jxcan, Sierra de los Cuchumatanes, 150-200 m„ Sti yermark 
19314. 

H. viljs Kunth & Bouche. Venezuela : Distrito Federal : El Junquito, 
3925 m., forest, Killip and Rohl 37200. 

H. lantanaefolia Poit. Peru : Puno : Prov. Sandia, near Pajonal, 1000- 
1300 m., Metcalf 30618. 

H. uncinata Benth. Peru : Puno: Prov. Sandia. 2 km. N. of Chamacani, 
2500 m., Metcalf 30553. Same, 2-6 km. from Oconeque, 1800-2100 m., Metcalf 
30580. The latter is described as a straggling vine. 

Coleus 

0. aTbopurpuretjk Benth. Colombia : Intendencta del Ciiocd: Quibdd. 
Rio Atrato; alt. 60 m., Archer 1795. El Valle. Dense forest near highway 
bridge over Rio Dagua, about 20 km. east of Buenaventura, 40 m., Killip 
and Oarcia 33319. Venezuela: Aragua: Parque National; near Raneho 
Grande, 800-1000 m., forest, Killip 37121. 
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So far as I am aware this species has not heretofore been reported from 
the New World. The genus itself is generally considered to be wholly Old 
World, only C. Blumei sometimes being picked up in the American tropics 
as an escape. When Archer’s specimen gathered in 1931, first came to me, 
1 assumed that it was a stray. But Killip’s collections, made in 1939 and 
1943, suggest the possibility that the species is at home in northern South 
America. However, Mr, Killip writes, “I suppose it is an introduction, 
though it occurs in out of the way places. I have found it in wet places along 
a railroad or in clearings in forests.” The Archer specimen was identified 
at Kew, presumably through the kindness of Mr. Sandwith. 

University of California 
L os Angeles, California 
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CHROMOSOME NUMBERS IN VACCINIUM AND 
RELATED GROUPS 

George M. Darrow, W. H. Camp, H. E, Fischer, 

♦ and Haig Dermen 1 

Today, as never before, the plant breeder interested in the development 
of new horticultural material, and the taxonomist concerned with the de¬ 
limitation of species, have a common meeting ground. To do effective work, 
the plant breeder must have considerable knowledge of the cytogenetic 
systems of the group he is seeking to improve; aud the taxonomist must 
dearly understand these same basic phenomena and the role they have 
played in speciation before his interpretation of the group can result in an 
effective nomenclature. This paper is one of a series based on a cooperative 
effort to solve the problems involved in the horticultural development and 
taxonomic interpretation of the North American blueberries (Vaccinwni 
spp.), cranberries, and related groups. 

The early activity in the breeding of blueberries sponsored by the United 
States Department of Agriculture was carried on by F V. Coville and O. M 
Freeman; since 1938, the senior author has been in charge of the work. It 
was evident from the beginning that barriers were present to the free cross¬ 
ing of certain species, while others might be hybridized with ease. This was 
not satisfactorily explained until certain findings were reported by Coville 
and by Longley in companion papers. In his report, Longley (11) announced 
that' three chromosome groups were to be found in blueberries, namely, 
diploid, tetraploid, and hexaploid. As a result of his breeding work, Coville 
(4) announced that the members of the diploid aud tetraploid groups would 
not hybridize, but that species within any chromosome group were inter- 
fertile. The importance of these facts was immediately obvious to those 
interested in the horticultural development of the blueberry. More recently, 
consideration of this and additional information has resulted in a systematic* 
and phyletic reinterpretation of certain segments of the genus Vaccmiuw 
(1, 2); also, they have indicated the need for a clarification of the principles 
underlying speciation and related problems (3). 

Once it was clearly established that a knowledge of chromosome number 
was essential in any large breeding program in blueberries, steps were taken 

1 The first, third, and fourth authors are, respectively, senior pomologist, junior plant 
breeder (temporary appointment), and associate cytologist, Division of Fruit and Vege¬ 
table Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineeiing, 
Agricultural Research Administration, XT. S. Department of Agriculture, Beltsville, Mary¬ 
land; the second author is from the New York Botanical Garden, New York, N. Y, 
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to speed up this phase of the work. Various reports in the literature indi¬ 
cated that it might be possible to distinguish between the different levels of 
polyploidy more rapidly by means of techniques other than those usually 
employed in the direct counting of chromosomes. In the beginning, these 
methods offered encouragement for it was noted that, in general, stomate 
size increased and stomate frequency decreased from the diploids through 
the tetraploids and to the hexaploids (15, 14). Also, there was an apparent 
increase in the size of pollen grains correlated with a polypioidal condition. 
However, as the work progressed, aberrancies were noted. They were such 
that complete confidence could not be placed in these types of examinations. 

Since these methods have been successful in other genera and appear to 
be effective in restricted portions of our material, there must be some reason 
for their lack of more general application in Vaccinium. Briefly, it is our 
opinion that the extreme variability of the group, together with the com¬ 
plicated line of descent of certain of its segments, has disturbed what, other¬ 
wise, might be an expected morphological pattern in the development of 
the polyploids. 

Morphologically, some of the basic, diploid blueberry species are so dif¬ 
ferent that one is almost tempted to consider the group to have more than 
one line of descent; certainly, if they have diverged from a common an¬ 
cestral stock, it must have been fairly early in the Tertiary. On'the other 
hand, our work has shown that these divergent elements—in various com¬ 
binations—have been the source of the allopolyploid species which it con¬ 
tains. Thus, in a broad study of the genus Vaccinium , we are faced with the 
problems of both divergent and convergent evolutions. The over-all picture 
of the group, then, is one with a more-or-less reticulate type of speciation 
(10, Chapter 6). 

Had we been dealing only with simple series of autopolyploids (some of 
"which exist in Vaccinium ), the examination of stomate size and frequency, 
or the relative size of pollen grains, might serve adequately to indicate 
whether a given plant was diploid, tetraploid, or hexaploid. But the fore¬ 
going brief discussion of conditions within the genus, together with the fact 
that our findings in both hybrid and allopolyploid complexes could not be 
completely relied upon, led us to reject such a method. Instead, it seemed 
safer to rely on a direct examination of the chromosomes to determine their 
number. Several of the standard cytologival methods have been used. 

Table 1 is an annotated list of the results of this phase of the work, 2 
together with additional information from reports in the literature. In some 
instances the material included here was reported as belonging to other 
genera; in every case these are integral parts of the large complex of the 

2 A partial abstract of this report was previously published (5). Certain corrections 
and additions have been incorporated in the present paper. 



TABLE 1. Summary of istoaum ebromoeoine numbers in blueberry ttpecie* and vani¬ 
ties of easier* North America 

A < IHploid specie# (2n ss 24) 

Variety or description 

Source of material 

r. angvstifoliim Alton* 

Lowbush, glabrous, blue fruit 

Arnold Arboretum, 
Jamaica Plain, 

+ 


Mass. 

do 

do 

Buddtown, N. J. 

V. at r ococc um (dray) Heller* 

Highbush, pubescent, black fruit 

Orono, Maine 

do 

do 

Arnold Arboretum, 
Mass. 

do (11 plants) 

do 

Beltsville, Md. 

do 

do 

Cedar town, Ga. 

do 

do 

Brunswick, Ga. 

do 

do 

Jackson, Tcnn. 

V. caesariense Mackenzie** 

Highbush, glabrous, blue fruit 

Beltsville, Md. 

do 

do 

Brunswick, Ga. 

F. myrtiUotdes Michx.* 

Lowbush. pubescent, frosty blue 

Adirondack Moun 


fruit 

tains, N. Y. 

do 

do 

Arnold Arboretum, 
Mass. 

r. darrowi Camp* 

Lowbush, evergreen 

Crest\ r iew, Pin. 

F. elliottii Chapman* 

Highbush, eassenn leaved 

Ivanhoe, N. C. 

do 

do 

Munson, Fla. 

do 

Bed flowered, tall 

do 

V. margarettae Ashe* 

Lowbush, pubescent, dark fruit 

Edw'ardsville, Ala. 

V. pallidum Alton® 

Lowbush, glabrous, blue fruit, 
dryland type 

Beltsville, Md. 

do 

do 

Pickens, H. C. 

V. fmellttm Alton* 

Lowbush, glandular, black fruit 

Ivanhoe, N. (\ 

V. vacillansc (2 plants) 

Lowbush, glabious & puberulent, 

New York Botanical 

blue fruit 

Garden, N. Y. 

V. vanllans x atrococrum * 

Halfhigh, \ery pubescent, dark 
fruit (from y\ild) 

do 

r. vacillans x cacsariense * 

Halfhigh, glabious, blue fruit 
(from wild) 

do 

F. elhottii x tenellum (= F. 

Highbush, subglandulai (from 

Biunswick, Ga. 

cuthbtrtn (Small) Uphof)* 

wild) 


F. carsaricnse x darrowi * 

1-2 in., e\cigreen (from wild) 

Northern Florida 

B. Tetraploid species (2n = 48) 



V . lamarcku Camp d 

Lowbush, glabrous, blue fruit 

Arnold Arboretum, 
Jamaica Plain, 
Mass. 

V. aftkirah Small® 

Highbush, glabious, blue fiuit 

Plant Industry Sta., 
Beltsy ille, Md. 

do 

* ‘Hildebrand ’ ’ 

J. T. Bush, Tooms 
boro, Ga. 

do 

44 Lanier ” 

do 

do 

44 Pioneer* * 

Plant Industry Sta , 
Beltsville, Md. 

do 

“G. Bakei # 4” 

do 

do 

4 ‘])N-76” (a Coville selection) 

do 

do 

“lint” 

do 

V. (near australe) 

On upland 

Peteisbuig, Va. 

F. bnttorvii Porter* 

Lowbush, glaucous loa\es, black 
fruit 

Spruce Knob, W. Va. 

?\ corymbosum L. f 

Highbush, pubescent, blue fiuit 

Plant Tudusti.y St a . 
Beltsville, Md. 

do 

do 

1 

Anold Arboretum. 
Mass. 

do 

j “Kuhlei” 

South ITaven, Mich. 

do 

44 Qrvis Williams”* 

do 

r. hirsvtum Buckley 1 * 

MLowbush, leaves & fruit pubes 

Great Smoky Moun¬ 

I * cent 

tains, Tenn. 

r. myrninites L*un. 1} 

Low'bush, glandulai, evergreen 

Brunswick, Ga. 

Tift on, Ga. 

do 

do 

V. *i mu latum Small* 

[ Highbush, nonsuekering 

Mountains, western 

N. C. 

4o 

‘ 4 N. C. selection 9 ’ 

Newhinds, N. C. 

F. idllapume (Cor.) Uphof* 

* 4 Hillculture selection #1401” 

Rdwardsville, Ala. 


TABI43J 3— (Continued) 


F. (near tallapnme) 

V. (related to tallapusae) 

V . virgatum Aiton* 

F. lamarrkii x hirsutum h 

F. lamarcTcii x myrsinitm h 
(F. lamarckii x myrsinites) x 
4 ‘rorym&otfww” 1 * 

r.-?i 


Variety or description 

3 feet high 
Coarse plant 

Halfhigh (3'), glandular, black 
fruit 

Lowbush, pubescent 

Lowbush, evergreen 

Half high, leaves subpersi stent 


Source of material 

Sugar Valley, Ga. 
Garfield, Ark. 
Summerton, S. C. 

Plant Industry St«. f 
Beltsville, Md 
do 
do 


Halfhigh, glabrous, blue fruit 


Arnold Arboretum. 
Mass. 


C. Pentaploid plants (2u=-60) 


V. (cf. virgatum (4x) x amoe 
nvm (6x))» 

r. (ef. simulatum (4 x) x con- 
stablaei (6x)) a 
V.australc (4x)xashei (6x) k 


High bush, suckering 
do 

Garden hybrid 


Louisville, Ga. 

Grandfather Moun 
tain, N. C. 
Whitesbog, N. J. 


I). Flexaploid species (2n = 72) 


r. constablan Gray 1 (6 plants) 
V. amoenum Aiton® 
do 

ashd Rende m 
do 
do 
do 
do 
do 
do 

do 


Highbush, suckering, leaves va¬ 
riable 

Highbush, suckering freely on 
dry land 

do 

4 4 A mie * ’ 

‘ ‘ Baker * ’ 

4 * Blue Bov 1 ' 

4 4 Locke ’ 9 ' 

44 Long” 

* 4 Kuby” 

4 4 Suwanee ’ ’ 

4 4 Pink bud #1” 


Grandfather Moun¬ 
tain, N. C. 

Ogeehee Kiver Val 
ley, Ga. 

Brunswick, Ga. 
Crcstview, Fla. 
Baker, Fla. 

Crest view, Fla. 
do 
do 
do 

Plant Industry Sta., 
Beltsville, Md. 
Munson, Fla. 


tt Reported here for the first time. 

b Confirms a previous report by Longlev (11 ). 

p It is not known whether the J\ vacillaus of the Longley (13) report is to be re¬ 
ferred to V . pallidum or V. vacillaus of this paper, but probably the latter. 

d The 44 V. angustifohiim* * of the Longley (11) report; the nomenclatural type of 
P. august if ahum appear to belong to that population known to be diploid. F. prnusyl- 
ranicum Moi is an invalid nnm\ bavin" be n anpii/'d to *> non-vacciniaceo 1 id*’ t. 

« Although reported here for the first time, part of this material was included in F. 
corymbosum in the Longley (11) report. 

r Confirms the Longley (11) report, but excludes the material of F. anstrah . 

« Confirms a previous count of this same clone, reported by Newcomer (12) as F. 
atrococcum. Although here placed in F. corifinbosum (on the basis of its presence in an 
interbreeding tetraploid community ), its morphological affinities are with the Mississippi 
Valley V. arkansanum, one of the ancestors of the F. corymbosum hybrid complex. For 
details of this complex, see Camp and (filly (3), under the discussion of the miotonic 
species, pp. 347-348. 

h Data taken from the Longley (13) report ; for the three tetraploid hybrids here 
listed, see also footnote g. 

1 Reported here for the first time; this should not be confused with the 4 4 F. rtr- 
gatum ” of the Longle.v and Coville reports (4, 11), for which see footnote 1. 

J Original plant labeled F. dobbin i Burnham, but does not exactly match the type 
collection. We suspect that this is a segregate of a hybrid between a glabrous phase of 
F. corymbosum and F. lamarckii . 

* Confirms the Longley (13) report based pn the same individuals, but instead of 
being F. virgatum xV. corymbosum , the two parents ( 4 4 rabbiteye” x * * Katherine ”) are 
here interpreted to be F. a slid x F. australc. 

1 Confirms the report by Longley (13) on similar material, here considered to be 
V. constablaci instead of the F. pallidum of that report. 

m Confirms the report of Longlev (13) on then unnamed horticultural varieties be¬ 
longing to this species, here considered to be included in T\ ashei instead of F. virgatum 
of that report. 
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Vaceiuieae aud, evert today, are included in Vaccinium by many atttbora. On 
the other hand, the group of species with which we have been most concerned 
—the blueberries—has been treated by several authors as a separate genus 
Cymoeoecws. A discussion of the problems of generic delimitation is outside 
the scope of the present report. 

Where possible, we have re-examined the same plants upon which the 
Coville and Longley (4, 11) reports were based. Much of the material has 
been collected by ourselves iu the course of our field investigations; and 
some of it has been contributed by others. 1 


TABLE 2, Other species of Vomnium in North Amtnca 


Diploid species (2n = 24) 

V, crassifolium Andr.« 
V. ovatum Pursh b 
V . parvtfohum Sms 


Variety or description 

Creeping evergreen 
High bush, evergreen 
Highbusli, red fruit 


Source of material 

AtkinBon, N. C. 
Oregon Coast 
Northwest Coast 


* Reported here for the first time, lu 1933 Small erected the genus Herpothamnus foi 
this species; its affinities seem to be with other members of Voccinum (sensu lat.) rathei 
than with the blueberries. 

b Reported here for the fiist time. Its affinities seem to be with ceitain Mexican, 
South American, and African species. 

* Reported here for the first time on the basis of unpublished woik by A. E. Longlej. 
Prom its reactions with other member* of the subgenus JfCui aenmnm, it was pieviouah 
proposed that this species would prove to lie diploid (2). 


DISCUSSION 

From the foregoing lists, it may be noted that the findings of Longle,\ 
(11) have been amply confirmed, and that Vacanium and its relatives have 
a ^pries of diploids, tetraploids, and hexaploids. While these reports are as 
yet confined to only a portion of the species of North America, Europe, and 
Asia Minor, a consideration of the morphological patterns of the several hun¬ 
dred species known to be in Vaccinium (sensu lat.) would lead to the con¬ 
clusion that this is the general situation within this widely dispersed group 
Our studies of the North American material in conjunction witli the infor¬ 
mation presented here—together with intensive field investigations in crit¬ 
ical areas—lead to the conclusion that both autopolyploidy and allopIoid> 
have been responsible for the production of these polyploid populations. This 
has resulted in a complex phyletie pattern in the genus aud has been the 
source of much of the present nomenclatural confusion. 

8 The following kindly furnished material, from the places indicated, for cytological 
studies; Karl Sax, from the Arnold Arboretum; J. M. Batchelor, from Florida and Ala¬ 
bama; F. L. O'Rourke, from near Glenn Dale, Md.; J. L. Murray, from Garfield, Ark.; 
Stanley Johnston, from Michigan; Sam Fredson, from Georgia; E. B. Morrow, from 
North Carolina; George Waldo, from Oregon; L. A. Fister, from Jackson, Tonn.; D. J. 
Crowley, from Long Beach, Wash.; F. B. Chandler, from Orono, Me.; Wni. H. Sawyer, 
from Lewiston, Me. 
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Although pentapioid plants are known, no triploidshave yet been found. 
The pentaploids are known from the wild and also have been produced freely 
by controlled crossings between tetraploids and hekaploids. That this is also 
the method of origin of the wild pentaploids seems likely for, in each in- 


TABLE 3. Additional Vacoinieae of North America , Europe, and Asia Minor 


Species or variety 


Oxycoccus ;« 

0. macrocarpus (Ait.) Pers. b 
(K microcarpus Turcz. 

0, ovalifoliu8 (Miehx.) A. E. Porsild® 

0. quadripetalus Gibb. “typical” material 
var. mierophyllus (Lange) M. P. Porsild 
0.“ gigas”* 

Polycodt u m stain in cum (L.) Gm*ne f 
Pam ni inn :« 

V. vitis-idaea L. l » 

J\ idiginosum L! forma microphytlum Lange 
forma genianum Herder 
I\ arctostapliylos L.J 


Chromo¬ 

some 

number 


2n = 24 
2n = 24 
2n = 48 

2n=48 
2n = 48 
2n r 72 
2n = 24 


2n = 24 
2n = 24 
2n = 48 
2n = 48 


Source of data or 
material 


Eastern 'North America 

Europe (9) 

Pacific Coast of North 
America 

Europe (9); Maine 4 
do 
do 

Eastern North America 

Europe (7) 

Europe (8) 
do 

Native of Caucasus 
Mountains 


J Considered In \arious authois to be a section or subgenus of Vaccmum; as Oxy - 
coccus, it lias received recent systematic attention by Porsild (13). A further study of 
this group, now in progress, will be published as part of this series of papers. 

** Periclinal and total polyploidy (4x- 48 > lias been experimentally induced in this 
species by the use of colchicine (6). 

«' Reported here for the first time. The binomial based on Vacnnum oxycoccus var. 
ovalifobum Miehx. The 3 collections studied here came from the Cascade Mountains, 
Grays Harbor County, and Long Beach, Wash. 

4 Material collected near Lewiston, Maine. 

6 As proposed by Hagerup, the binomial is invalid under the present Rules of Botan¬ 
ical Nomenclature. The material flowers freely, but does not set seed because of disturb¬ 
ances during meiosis resulting in abortive pollen. 

f Reported by Longley (11). Although the “deerberries’ ’ are a distinct group, the 
species of Polycodium are included in Vaceintinn by many authors. 

* The species listed here under Vacctnium have been (or aie) considered as belong¬ 
ing to segregate genera by various authors. 

h An essentially circum boreal species consisting of 2 fairly distinct forms, one pro¬ 
cumbent and small-leaved, the other coarser and more ertnd. This may be a case of liomo- 
ploid divergence, or the coarsei form may yet prove to be polyploid. 

1 On the basis of preliimnai> herbarium studies, both f. microphylhnn and f. genumum 
appear to be also present in North America. A closely related species, V. occidentale Gray, 
is found in the mountains of western North America. Of further interest is the fact that 
large clones are known from the V, uhginosum population on Mt. Marcy, Adirondack 
Mountains, N. Y., which bear considerable resemblance to the western V. occidentale. 

J Reported here for the first time. The chromosome counts were made from plants 
raised *rom seed grown in the experimental greenhouses at the Plant Industry Suition, 
Beltsville, Maryland. 


stance, they have been found growing where both tetraploid and hexaploid 
plants were present. These pentaploids vary considerably in fruitfulness; 
some have almost no fruit; others have small crops of fruit which contain 
but few seed; and at least one clone has been found which fruits heavily but 
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is essentially seedless. In this instance the fruit is of rather large size, 
although lacking in flavor. 

One plant which flowered freely in the test plots and bears fruit, was 
found to have a somatic set of 50 chromosomes (4x +2). This is the first 
report of aneuploidy in the genus. Neither aneuploids nor pentaploids are 
likely to give rise to populations worthy of specific recognition, although 
there is a strong possibility that they may yet have considerable horticul¬ 
tural value. 

So far, we have been unable to pay more than passing attention to meiotie 
phenomena and the physical aspect of individual chromosomes. The work 
of Hagerup (7, 8, 9) on a hexaploid form of Oxycoccus (=* Vaccinium) can¬ 
not be taken as an indication of the usual condition of hexaploids in 
Vaccinium , There is little question that the sterility of some few hexaploids 
known to us may be of the same type, and results from improper cleavage 
and ultimate break-down (abortion) of the microspores; certainly this is 
true in various pentaploids. But the high degree of fertility, together with 
the production of hybrid combinations and expected segregate forms, is suffi¬ 
cient proof that normal meiotie processes are involved in the vast majority 
of the hexaploids with which we have worked. Our investigations indicate 
that there is relatively no irtore abortive sterility among hexaploids than is 
to be found in tetraploids or diploids. 

In the early years of the blueberry breeding work all material brought 
into the experimental plots from the wild was highly selected, particular 
attention being paid to its fruitfulness, or to some unusual character. Re¬ 
cently, it was suspected that, by selecting in this manner, individuals have 
been studied which, eytologically, were not representative of the natural 
populations. This has since proved to be the case in several instances and 
explains certain of the errors in earlier nomenclatural interpretations based 
on this material. Since 1938, more and more attention has been paid to the 
aspect of natural populations. In fact, many of the plants used in the present 
report have been random selections, care being taken only that they did not 
deviate from the norm of their particular group. Others have been chosen 
because they presented particular problems of interpretation. Briefly, then, 
attention to these items has permitted us to attack the various problems from 
a broader viewpoint and has given us greater confidence in our general 
conclusions. 

By the very nature of the genus, a knowledge of the chromosome number 
of individual plants is a necessity in the horticultural development of the 
group. Our present care to see that many of the plants studied are also 
representative of natural* populations is of considerable importance in the 
taxonomic interpretations of its species. And while we certainly do not hold 
that chromosotne numbers ultimately determine the nomenclatural dispo- 
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sition of a set of plants, we do feel that such information is necessary for 
their correct placement in the phyletic scheme of a genus. This paper, then, 
is merely a presentation of one set of basic facts concerning individuals, 
more-or-Iess characteristic of certain wild populations of Vaccinium and its 
relatives. Additional facts are necessary for the delimitation of species and 
the application of a functional nomenclature. A discussion of these facts 
and the relations and phyletic development of the species will be taken up 
in later papers, as well as a summary of the factors to be considered in the 
development of new horticultural material. 

SUMMARY 

An annotated lilt of the various species of Vaccinium whose chromosome 
numbers are known is presented. Among these the following are listed here 
for the first time. 

American species: The diploids (2n = 24) are: V, angustifolium , cacsari- 
east, erassifolium, dliottii, darrowi , margarettae, ovaium, pallidum , parvi- 
folium , tenellum, vaeillans , and a complex of hybrid origin and recognized 
in previous literature as V. cuthbertii . The tetraploids (2n « 48) are: V. 
aus/rale , brittonii , lamarckii, simulation, tallapusat , and viryatum. The 
hexaploids (2n - 72) are: V. constablaci, amoenum, and ashei .. Pentaploid 
individuals (2n = 60) and a single aneuploid (2n * 50) (=4x4 2) are also 
reported. Nomenclatural adjustments have been made in previous reports. 

Asia Minor spines: A single species from the Caucasus Mountains is 
reported here for the first time: V, a r dost a phytos L., a tetraploid (2n = 48). 

A list is also presented of all species of cranberry (Orycoccus) reeog- 
nized in a recently published study of the group. Recorded here for the first 
time are the chromosome numbers of two American species: 0. marcrocarpus 
(Ait.) Pers., a diploid (2n = 24). O. oralifolius (Miclix.) A. E. Porsild, a 
tetraploid (2n 48) The “typical” material of 0. quadripcfalus Gilib. from 

Maine was found to be the same as that reported from European plants 
(2u - 48). 

Several essentially e ire uni-boreal species of Vaccinium whose chromo¬ 
some complements are known only from the European material are listed, 
together with notes on possible correlations with the North American repre¬ 
sentatives of these same speeies. 

Bureau ok Piant Industry, United States Department of 
Agriculture 
Bkltsville, Maryland 
and 

The New York Botanical Garden 
New York 
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LEPTOSIRA MEDICIANA BORZI 

W. N. Steil 

INTRODUCTION 

Leptosira Mediciana was first found and described by Borzi (1883), who 
observed all of the stages in the life cycle except the germination of the 
zygote. Collins (1912) collected Ihe alga in Massachusetts. It has not been 
found at any other time in this country. 

Vischer (1933), fifty years after the discovery of Leptosira Mediciana 
by Borzi, found and described Leptosira obovata. In this species, he observed 
that the zoospores germinate directly. 

The genus L(piosira belongs to the Trcntopoliliaeeae, a family of the 
Ohaetophorales. a comparatively large group of branched green algae the 
cells of which are uninucleated and possess single parietal chloroplasts. 

In the latter part of February, 1937, the rare epiphytic alga, Leptosira 
Midieiana , was found growing on Coleochaete scutata Breb. This alga 
appeared in an aquarium into which, about three months earlier, there had 
been planted a small amount of Xdella collected in the vicinity of Mil¬ 
waukee. There can be little doubt that the Cohochaete and the Leptosira 
were introduced into the aquarium vrith the Nttella . 

About 80 per cent of the CoLochade plants, which were not produced 
in large numbers, bore one or more Leptosira colonies. Since they were found 
only on the Coleochaete colonies and never on the sides of the aquarium, 
the alga, as has heretofore been reported, is undoubtedly epiphytic. 

METHODS ANI) MATERIALS 

By means of a hand lens, and sometimes with the naked eye, it was pos¬ 
sible to observe the L<ptosira on the Coleochaete colonies attached to the 
sides of the aquarium. The Coleochaete colony with the Leptosira was care¬ 
fully removed and fixed for about twenty-four hours in a 25 per cent chrom- 
acetic solution, washed and dehydrated to 70 per cent alcohol. The plants 
were then stained in a modified Harris’ haematoxylin solution for about 
tw T o hours, washed with water, and gradually dehydrated to absolute ethyl 
alcohol. Some of the colonies w r ere counterstained with a w*eak solution of 
fast green in absolute alcohol. After clearing with xylol, the colonies were 
run up to mounting balsam, by passing them through various grades of 
absolute xylol and balsam. 
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F’lfl. 1. A pliotonucroginpli of the epiphvtie Lfptosna M uhcuina Itoin colony houi- 
by Colt'vchat tf isCittata Bieb. > <50 approx. Fig. 2. \ photomir logmph of seveml colonic 
of L. Mcdwiano Borzi borne bv C s cutata Bicb 50 nppiov 
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OBSERVATIONS AND DISCUSSION 

Leptosira Metiiciuna, as has been described by Borzi, consists of radiating 
branched torulose filaments which taper gradually from base to apex. The 
larger and older cells of the colony are at its center (figs. 1, 2). 

The cell of Leptosira is uninucleated and contains a single peripheral 
ehloroplast of a yellow-green color. The plastid is without a pvrenoid. The 
cytoplasm is highly vacuolate (figs. 3, 4). 

Most of the divisions of the cells of the colony are at right angles to the 
length of the filaments, although occasionally oblique divisions occur. Infre¬ 
quently, the divisions are lengthwise in the cells. 

There is a marked thickening of the walls of the Leptosira cells, begin¬ 
ning at the base of the filaments, or at the center of the colony (figs. 1, 2). 
As the thickening of the wall increases, the cells at the center of the colony 
form a mat or an incrustation. 

The cells of which the walls become thickened function as zoosporangia. 
In the formation of the zoospores, the cell destined to function as a sporan¬ 
gium undergoes a division into two cells of approximately equal size (fig. 6). 
The next division results in four cells of nearly equal size (fig. 7). Many 
divisions of these cells then occur and numerous polygonal cells are formed, 
which round up and become zoospores which escape through a large pore 
in the wall of the sporangium (fig. 8). 

No direct observations could be made on the germination of the zoospores 
since they were not produced in abundance. Whether they germinate di¬ 
rectly or whether they form first CharaeiumAike filaments, which produce 
four zoospores, as stated by Borzi (1883), could not be determined. However, 
some/of the prepared slides showed such filaments which invariably con¬ 
tained four spores, each of which closely resembled in structure the 
Leptosira cell. That the zoospores may germinate directly, as has been de¬ 
scribed by Vischcr in L. obovata is suggested by the numerous young colo¬ 
nies found occasionally in a nearly circular zone on the Colcochaete colony. 
One of these, an unbranched filament, is shown in figure 4. Another one of 
these, shown in figure 5 is a young branching colony. Earlier and later stages 
were readily found. Zoospores, one of which is shown in figure 3, were some¬ 
times observed in the prepared slides to be abundant near empty zoospo¬ 
rangia from which they had undoubtedly escaped. Since no motile zoospores 
could be obtained, no attempts were made to stain the flagella of the 
zoospores. 

Neither zoogametes, nor zygotes were at any time observed during the 
course of the investigation extending over a period of about six months. 

SUMMARY 

1. Leptosira Medieiana Borzi was found as an epiphyte on Colcochaete 
sentata Breb. 



19441 


STEIL; LEPTOBIRA MEDICI AN A 


511 


2. The radiating torulose filaments of the colony form a dense matted 
basal portion. 

3. The cells of the colony divide most frequently at right angles to their 
length. 

4. Any cell may function as a zoosporangium. 

5. In the formation of zoospores, numerous successive divisions occur 
in the mother cell of the sporangium. 

6. The zoospores, it is suggested, germinate directly. 

7. Single celled Charucium-Vike filaments are formed which produce four 
cells, probably spores. 

8. Motile zoospores and zygotes were not observed in Ltplosira Medinana 
JBorzi. 

Marquette University 
Milwaukee, Wisconsin 
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COMPARATIVE STRUCTURE OF GREEN LEAVES OF 
ORIENTAL TOBACCO AT DIFFERENT LEVELS 
ON THE STALK IN RELATION TO THEIR 
QUALITY UPON CURING 1 

Frederick A. Wolf and E. Felton Jones 

The commercial tobaccos produced in different regions of the world 
differ greatly in quality. 2 These differences ’are commonly attributed to 
responses induced by differences in soils, climates, and cultural practices 
employed. The proximate causes of these variations in quality, however, are 
multiple and complex, and remain far from being completely understood. 
Even though this is the situation the quality of the final product in each 
region has become stabilized to a high degree in consequence of standardi¬ 
zation of empirical practices involving cultivation, fertilization, harvesting, 
curing, storage during aging and fermentation, and other manipulative 
procedures. 

In the case of flue-cured tobaccos, our previous studies (Darkis cl nl. 
1936, Wolf and Gross 1937) have shown that quality is closely correlated 
with the level at which the leaf is borne on the stalk. Stalk position is in turn 
correlated with the chemical composition of the leaf, both as regards mineral 
and organic components. Furthermore, both chemical composition and leaf 
structure may be modified and hence may be controlled to an important 
degree by the cultural practices of topping (removal of the inflorescence) 
and sttckering (removal of axillary buds that develop after decapitation). 
A body of additional unpublished data from our studies gives further sup¬ 
port to these conclusions. Numerous studies involving causes of differences 
in quality of types of tobacco other than the flue-cured varieties, grown in 
this country or in other areas, are neither so extensive nor intensive, and 
the results are consequently less precise (Nelson 1928, Bertliold 3929a, 
1929b, Smirnov 1933, Avery 1934, de Montoro 1938). 

During the past four seasons oriental or Turkish types of tobacco have 
been grown at the Tobacco Experiment Stations at Chatham, Va., and 

3 Studies conducted in cooperation with the Department of Chemistry, Duke Univer 
sity. Acknowledgment is made of aid given by Drs. F. R. Darkis and P. M. Gross of that 
Department. The help of Miss Nancy Bentley and Miss Christina Cliangaris is also acknowl 
edged with gratitude. 

2 The meaning of the term 1 < quality, ’ ’ as applied to oriental tobaccos, cannot be de 
fined adequately. It includes many features whose appraisal by tobacconists has been 
gained largely from experience. Judgment of quality has been perfected by them to the 
extent that it may be regarded as an art. Tobacconists, to judge quality, employ the senses 
of touch, sight, and smell, arranged in order of importance. 
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Oxford, N. C. In connection with this work it appeared advisable to give 
consideration to the problem of quality of the product by utilizing methods 
of study patterned after those that had been employed previously in studies 
of quality among flue-cured varieties of tobacco. The present report is 
concerned with the results obtained from such studies. 



Fig. 1 . Oidei of icnurval of leaves in harvesting Tuikish tobacco, i elation of stalk 
position to quality and to usage by the American tobacco industry, and probable grades as 
customarily employed in the Near East. Gradation on the basis of stalk position may not 
be adhered to stricth in actual practice, but nevertheless serves as a general guide. 

There are numerous kinds of oriental tobacco, eaeh characteristic of the 
region or district in which it is grown and marketed. Each differs from the 
others in quality, some to a very marked degree, as indicated by differences 
in shape, color, and texture of the leaf, and by differences in combustibility. 
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arotaa, flavor, etc. These tobaccos have been grouped, however, into a small 
number of types, the most important of which are designated as Sainsoun, 
Smyrna, Cavalla, and Xanthi. 

In the cultivation of Turkish tobacco, from 50,000 to 70,000 plants per' 
acre are grown, approximately ten times the number employed with flue- 
cured varieties. As a consequence of such close planting, the individual 
plants have slender stems, their leaves are small, and many varieties attain 
a stature of only about a meter. Leaves are harvested as they mature, begin¬ 
ning with the lowermost and progressing toward the top of the stalk, a proc¬ 
ess called “priming / 9 Experience alone is the basis for judging when leaves 
are in prime condition. The quality of cured leaves may be sharply lowered 
if leaves are primed when they are either premature or over-ripe. Usually 
the removal of from 6 to 9 gatherings, called “hands,” is required to com¬ 
plete the harvesting. The Leaves are cured by air-drying. It is well known 
that stalk position is of primary importance in determining quality of the 
cured leaves; leaves of poorest quality are obtained from the first hand, and 
quality improves with each successive gathering thereafter (fig. 1). 

MATERIALS AND METHODS 

Five varieties of oriental tobacco, representing four important types, 
were used in the present studies: (1) Broussa of the Samsoun type from 
northern Turkey; (2) Ayassolouk, typical of Smyrna tobacco grown in 
western Turkey; (3) Stanimaka, representing the Cavalla type, from Bul¬ 
garia ; and (4) Yenige and Djebel, of the Xanthi type, from northern Greece 
and Bulgaria. Cultivation of the latter kind is restricted to mountainous 
regions. 

Seedlings were transplanted into the field during early May, and were 
spaced approximately 5 inches apart in rows which were 20 inches apart. 
Details regarding the soil, preparation of the field for planting, fertilization, 
cultivation, and rainfall—all important factors in the growth of oriental 
tobacco—are omitted for the reason that they are not regarded as pertinent 
to this report. 

Three typical plants of each variety were selected for detailed analysis. 
As the leaves of these selected plants matured they were primed, and deter¬ 
minations were made of weight, area, thickness, and shape. 

Leaf area, of both green and cured leaves, was determined by tracing 
the leaf upon a paper pattern which w r as weighed and compared with the 
weight of a paper standard of known area. Leaf thickness w r as measured 
by means of a Randall and.Stickney gauge caliper provided with an 8 oz. 
weight and calibrated in units of 0.001 cm. Since a tobacco leaf is variable 
in thickness an average figure w r as obtained from a series of 6-10 measure¬ 
ments of each lamina f 12-20 per leaf). These measurements were made 
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along a line extending? from the leaf base to the tip, midway between the 
midrib and the margin. Leaf thickness was also determined by measurement 
of sections of leaf tissue prepared as follows: Samples of laminar tissue 
from leaves borne at a corresponding level on near-by plants were preserved 
in a formalin—acetic-acid—alcohol solution. These samples were dehy¬ 
drated, embedded in paraffin, sectioned at a thickness of 25 p and stained 
with fast green. Crystals of the type known as druses are very abundant 
in leaves of oriental tobacco. These crystals, instead of being composed of 
calcium oxalate, as is commonly the case in seed plants, may be presumed, 



Fio. 2. Some t\pc8 of trichomos fioin Turkish tobacco. Their length may exceed from 
two to three times the thickness of the interseimil parts of the leaf. A, hair with unicellular 
gland at tip; B, with multieellulai gland; C, shoit-stalked hair with multicellular gland; 
1), non glandular hair. 

from the work of llidgway (1916), to be composed chiefly of calcium, 
potassium, and magnesium salts of citric and malic acids. The presence of 
these crystals interfered with the preparation of satisfactory sections. The 
difficulty of cutting suitable sections was in large measure obviated, how’ever, 
by storing leaves in a moist chamber for 48 to 72 hours prior to fixation. 
Under these conditions the crystalline deposits largely disappear and make 
it easy to section embedded leaves. 
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The length and width of each leaf were determined from measurements 
of the paper patterns. Leaf length was regarded as the distance from leaf 
base to leaf tip, and leaf width as the distance across the broadest portion. 
In the figures as given for the length-width ratio, the width is considered 
as 1.00. 

Hairs (trichomes; fig. 2) and stomata are present on both surfaces of 
tobacco leaves but whether each structure is equally as numerous on each 
surface remains unknown. Consideration was given in the present study 
to the number of hairs and stomata per unit area on the lower leaf surface. 
The materials examined consisted of portions of the lower epidermis stripped 
from the median region, using four leaves from each sampling. Examinations 
of epidermal strippings and counts for hairs were made with the low-power 
magnification of a microscope (100 x). The figure presented for each de¬ 
termination is an average of four counts from each of the four leaves 
examined. An average measurement of maximum length and width of 16 
stomata, as seen by high-power magnification (350 x), was used in com¬ 
puting the volume of the stomata! apparatus. To calculate the volume of 
the stomatal apparatus, i.e., the pair of guard cells, it was regarded as an 

ellipsoid, and the formula: Volume in which D = length and 

o 

d ■ diameter, was applied. 

RESULTS 

Since each Turkish tobacco plant produces from 25 to 40 leaves the data 
are too voluminous to be presented in their entirety. For this reason tabu¬ 
lations of averages have been assembled. In table 1, which relates to the 
dimensions, area, and weight of the leaves produced, and of their changes 
in size during curing, each figure represents an average of 75-120 measure¬ 
ments; and figures dealing with ratio of leaf length to leaf width, width 
being regarded as unity, represent twice as many measurements. 

Each figure in table 2 represents 20-100 measurements, whereas each 
of those in table 3 represents approximately six times as many, and each 
figure in table 4 is derived from a minimum of 16 determinations. 

As regards height of plants and size of leaves, the plants used in these 
studies compare favorably with the same varieties when grown in the Near 
East, as confirmed by observers familiar with oriental tobacco who have 
seen our plantings. Differences between varieties are apparent in table 1. 
Djebel, an early-flowering variety, has the smallest plants and its yield is 
lowest. Broussa, Ayassolouk and Stanimaka, late-flowering varieties, yield 
most, and Yenige, which is intermediate in date of flowering, is also inter¬ 
mediate in yield. 

That a definite leaf shape is characteristic of each variety is suggested 
by the length-width ratios. The leaves of Broussa are petiolate and lack 
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auricles, or at most have narrow ribbon-like auricles. Leaves of this type 
are termed “koulaksis” (earless). The leaves of Djebcl, Ayassolouk, and 
Stanimaka are sessile, having broad auricles, and are of the type called 
“kabakoulak” (broad-eared) ; those of Yenige, also sessile, are narrow 
and lancet-shaped, a type called “sirdilli” (ox-tongue-like). 

During curing of the leaves shrinkage in length is proportionately less 
than shrinkage in width. This condition may be presumed to arise in con¬ 
sequence of the position of the “skeletal” tissues, i.e., the midrib and larger 

TABLE 1. Gross f( atures of the hares of five varieties of oriental tohaeeo. 
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Total leaf area per 

Green 

4956 

5573 

4427 

2592 

4864 

plant, cm" 

(hired 

;m>8 

2328 

2739 

1720 

3018 


Green 

19.4 

21.2 

18.4 

15.9 

21.0 

Average leaf dimen¬ 


< 12.3 

- 7.5 

aKU 

X 10.0 

\ 10.5 

sions, cm. j 
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10.9 

19.7 

15.3 

13.0 
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* 9.5 

! * 5.9 

* 7.7 

■ 7.8 

Y 8.0 

Average length width 

G reen 

1.57 

2.82 

1.83 

1.59 

2.00 

ratio of leaves 

(hired 

1.78 

.>.34 

1.98 

1.74 

2.20 

Total loaf weight per 

Green 

151.1 

118.1 

121.4 

09.1 

130.9 

plant, gm. 

(hired 

•>o *> 

14.5 

10.8 

9.8 

20.8 

, 

Reduction of leaf 







area during curing 

Average 

04.5 

05.1 

01. S | 

00.5 

02.1 

to per rent of green 
leaf area 

% 






Number of leaves 







required for pound 
of cured tobacco 

A\ ernge 

oio 

943 

808 

1 

1018 

050 


secondary veins. The loss in leaf area during curing ranges between 30 and 
40 per cent, and there is no reason for believing that amount of reduction 
in size is characteristic of a given variety. This opinion is supported in part 
by other data assembled in tables 2 and 3. 

Appreciation can be gained from data in table 2 of differences among 
oriental varieties in leaf size and shape at the different stalk positions, and 
of the changes in length-width ratios which occur during curing. 

It is apparent from table 2 that the largest leaves occur near the base 
of the stalk and are those usually removed at the second or third priming. 
Proportion of leaf length to width varies with primings in some varieties 
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but does not do so in others. In the eases of Broussa and Yenige, except for 
the last priming, the leaves become proportionately longer in relation to 
their width as one progresses from the bottom toward the top of the stalk. 
Premature harvesting of the uppermost leaves occasioned by extremely dry 
weather may account for this exception. The leaves of Ayassolouk, on the 
other hand, tend to become wider in proportion to their length as the tip 

TABLE 2. Stzr and shape of oruntal tobacco leaves of sncral vanities in relation 
to level on the stalk < 


CD 

be 

a 

0 / 

** 


*8 


■& 
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Pritning 




1 st 

2 nd 

3rd 

4th 

5th 

6 th 

A\ ei 
age 

Broussa 

Green 

167.3 i 

261.9 

254.6 

187.2 

120.9 

53.3 

174.2 

(Snmsoun) 

Cured 

108.8 | 

166.2 

168.7 

121.2 

76.2 

35.1 

112.7 

Yenige 

Green 

138.1 

246.7 

188.9 

141.0 

81.3 

41.4 

139.6 

(Xanthi) 

Cured 

88.6 

165.1 

122.7 

88.4 

55.2 

26.3 

91.1 

Stanimaka 

Green 

177.0 

293.1 

266.7 

186.1 

85.1 

39.1 

179.5 

(Ca valla) 

(’ured 

111.8 

174.3 

165.6 

112.3 

52.3 

23.9 

106.9 

Djebel 

(Xantlii) 

Green 

88.0 

144.3 

153.4 

90.8 ! 



119.1 

Cured 

54.7 

92.5 

95.9 

62.7 



76.4 

Ayassolouk 

G reen 

240.9 

- 

277.4 

234.9 

129.8 

66.9 

49.5 

166.6 

(Smyrna) 

Cured 

149.7 

187.6 I 

! 

149.9 

79.0 

42.6 

31.9 

99.5 

Bioussa 

Green 

1.41 

1.51 I 

1.55 

1.66 

1.74 

1.61 

1.58 

(Samsoun) 

Cured 

1.57 

_ 

1.78 

1.81 | 

1.76 

1.75 

1.73 

Yenige 

Gieen 

2.44 

2.63 

2.86 

2.87 

2.91 

2.82 

2.75 

(Xanthi) 

(Hired 

3.05 

2.98 

3.09 

3.19 

j 

3.20 

3.11 

3.10 

Stanimaka 

G reen 

2.79 

1.80 

1.83 

1.88 1 

1.80 

1.78 

1.81 

(Cavalla) 

(Hued 

1.98 

1.98 

1.98 

2.15 

1.96 

1.84 

1.98 

Tljebel 

G reen 

1.66 

1.51 

1.52 

1.64 



1.58 

(Xanthi) 

Cured 

1.80 

1.84 

1.75 

1.67 



1.76 

Ayassolouk 

Green 

2.12 

1.98 

2.05 

1.99 

1.95 

1.90 

2.00 

(Smyrna) 

Cured 

2.33 

0 9 00 

2.21 

2.16 

1.95 

1.93 

2.14 


of the stalk is approached. All the leaves of Stanimaka, however, tend to 
be alike in length-width ratio, regardless of their stalk position. 

The data in table 3 deal with differences in leaf thickness, in per cent of 
dry substance, and in shrinkage, during curing, of successive primings. 

In all varieties studied, the thickest leaves were in the first priming, and 
they progressively become thinner toward the top of the stalk. The figures 
representing thickness of kixth primings are in each case in error as shown 
by diagrantmatic representations of cross sections of Broussa, Yenige, and 
Ayassolouk leaves (figs. 3, 4, 5). The error in measurements with the caliper 
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arose because the diameter of the circular disk of the calipers which comes 
in contact with the leaf is approximately 6.0 mni M a distance exceeding that 
between the veins of small leaves. 


TABLE 3. Thickness of green leaves , water loss y and shrinkage during curing of 
several varieties of oriental tobacco. 


Broussn 

(Samsoun) 

Yenige 

(Nautili) 


1st 

305 

297 


2nd 

290 

295 


Priming 
4th 


3rd 

278 

257 


254 

247 


5th 

249 

226 


6th 

262 

256 


A vim age thickness of 
loaves, ft 


Stanimaku 

(Oavalln) 

D jebel 
(Nanthi) 


325 

328 


272 

302 


235 

286 


243 

241 


218 


249 


A vassolmik 
(Sun nia ) 


273 I 260 


234 


234 


238 


Reduction of leaf aiea 
during curing to per 
rent of green leaf 
men 


Aveiage tin weight of 
cured leaf as per cent 
of green leaf weight 


Broussa 
(Samsoun > 

Yemge 
(Nautili) 

Stnnimaka 

(("alalia) 

1 )jebel 
(Nanthi) 

A\ assolouk 
(Smyrna) 

Bioussa 
(Samsoun) 

Yenigo 
(Nanthi) 

Staninmka 
(( 1 a\ alia) 

T) jebel 
(Nanthi) 

A t v assolouk 
(Smyrna) 


64.6 

64.2 

63.2 

62.2 

62.1 

14.L 

11.1 

11.7 

12.9 

12.0 


63.3 

66.9 

59.5 

64.1 

67.6 

1 ° 2 

10.3 

11.8 

12.9 

12.9 


66.2 

65.0 

62.1 

66.2 

63.8 

14.0 

13.7 

14.6 

13.7 

16.6 


64.7 

62.7 

60.3 

69.0 

60.9 

15.5 

15.0 

15.7 

18.1 

17.9 


63.0. 

67.9 

61.5 

63,7 

17.6 

15.3 

17.5 

19.6 


65.8 

63.5 

61.3 

64.4 

19.0 

15.3 

18.5 

19.8 


It is a common impression gained largely through the sense of touch that 
the upper leaves are thickest. This erroneous impression arises from (a) the 
large proportion of veins to inlerveinal tissue in small leaves, with conse- 
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queut greater rigidity; (b) the compactness of mesophyll cells, a feature 
that favors rigidity; (e) the much denser population of hairs that offers 
greater resistance to compression; and (d) the somewhat thicker cuticle of 



Fig. 3 (upper row). Semi-diagrammatic sketches, drawn to the same scale, of cross 
sections of leaves of Broussa tobacco, showing leaf thickness, constituent cell size, and 
arrangement of ceJls. A, from first priming; B, from tliiid priming; C 1 , from fifth priming; 
1), from seventh priming. The upper horizontally arranged cells ate upper epidennis, tie* 
subjacent vertically arranged ceils arc palisade parenchyma, the loosely arranged, irreguhu 
cells beneath the palisade parenchyma are spongy parenchym t, and the lower, hot iz mtallv 
at ranged cells are lower epidennis. The trichomes or hairs produced by both tin* upper and 
lower epidermis are not shown. Fig. 4' (middle row). Cross sections of haves of Venige 
tobacco, drawn to scale, representing semi-diagiammatically leaf thickness, c *11 size, and 
cell arrangement of leaves of different primings; A, fiom leaves of the first hand; B, from 
the third hand; 0, from the fifth hand; and I), from the seventh hand. The median tissues 
are palisade parenchyma above, and spongy parenchyma below. Leaf hairs are not shown. 
Fig. 3 (lower row). Hemi-diagrnnuuatic representations, drawn to scale, of cross sections 
of Ayassolouk tobacco leaves. Relative leaf thickness and constituent cell size and cell 
arrangement from leaves of different primings are shown; A, taken from the first hand, 
B, from the third; 0, ftom the fifth; and D, fiom the seventh. None of the trichomes is 
shown. 

* 

the uppermost leaves. Dry weight increases with increased level of the leaf 
on ttae stalk;, and is approximately 50 per cent greater in the uppermost 
leaves than in those of the first priming. 
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The data do not indicate significant differences in shrinkage of leaves at 
different stalk positions. 

The population of glandular hairs and that of stomata per unit area of 
leaf, on the lower leaf surface, at four levels of insertion, are shown in 
table 4. 

It is apparent that there are many more glandular hairs per unit area 
of leaf on the smallest leaves than on the largest ones, the calculations indi¬ 
cating 2-5 times as many. Moreover there are 50-100 per cent more stomata 


TABLE 4. Comparison of vaiielUs of oriental tobacco as to population of glandular 
hairs and stomata on the loicer leaf surface . 




Number 

Approximate 

Number 

Volume of 

Variety 

Stalk region 

of 

number of hairs 

of 

stomatal 

hairs per 

per entire lower 

stomata 

apparatus, 

H* 



cm. 4 

leaf surface 

per cm. 2 


Lower 

1577 

263,832 


22,209 

Broussa 

Lower median 

1105 

289,561 

1269 

27,635 

(Hainsotm) 

Upper median 

1739 

325,541 

1447 

21,800 

U pper 

3571 

311,034 

1757 

16,070 


Lonei 

H77 

121,113 


29,289 

Venice 

J /owei median 

729 

138,510 

1187 

37,016 

(Xantlii) 

I pper median 

12(59 

140,859 

1692 

26,416 

Upper 

3661 

151,545 

1724 

20,116 


Loner 

810 

148,680 


25,652 

Stanimaka 

Loner median 

641 

144,856 

970 

28,021 

((’a valla) 

Upper median 

1665 

141,691 

1757 

25,128 

T>|wr 

2976 

148,800 

1709 

17,899 


Loner 

787 

125,920 


23,836 

Picbel 

Lower median 

740 

130.720 

943 

32,242 

(Xantlii) 

Upper median 

1070 

138,463 

1546 

38,314 

Upper 

1533 | 

141,012 

1773 

23,620 


on unit areas of small leaves than on those of large ones. Unfortunately 
total area of each leaf from which the strippings were made was not mea¬ 
sured. Approximations of the number of hairs on the lower side of the 
leaves for the four indicated regions were therefore calculated on the basis 
of leaf sizes as represented in table 2. On this basis, interpretation of the cal¬ 
culated numbers of hairs per leaf would indicate, for a given variety, that 
each leaf tends to have the same hair population. 

The average volume of the vStomatal apparatus of large leaves is in turn 
greater than that of small leaves. Presumably differences between leaves in 
volume of stomatal apparatus are of the same magnitude as those of the 
other leaf eells and this factor is therefore correlated with leaf size. 

INTERPRETATIVE DISCUSSION 

Upon attempting to elucidate the proximate causes of differences in 
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quality of Turkish tobaccos, the evidence indicates that these causes center 
around certain interrelated and mutually interdependent factors, as follows: 

(1) Leaf size is correlated with stalk position; 

(2) Leaf size is correlated with cell size; 

(3) Differences in quality are correlated with differences in metabolic 
activity of leaves borne at different stalk positions; 

(4) Licrease in population density of glandular hairs and other trich- 
omes per unit area of lower leaf surface is correlated with increase in quality 
of tobaccos. 

Each of these factors, in turn, will be given separate consideration, 
although each one is intimately related to and has bearing on each of the 
others. For this reason it is essential that this entire discussion be considered 
as a unit so as to avoid isolating ideas from their context. 

1. Leaf Size and Stalk Position. As shown by data in table 2, the 
largest leaves produeed in oriental tobaccos occur along the basal portion 
of the stalk. It is well known among tobacconists that quality of Turkish 
types is correlated with the level at which the leaves are borne on the stalks 
and that high quality is seldom if ever to be found in lowermost leaves but 
rather in the smallest uppermost ones. Furthermore, there are reasons for 
believing that no matter how small the lowermost leaves, they can never be 
made to possess high quality. Such leaves, regardless of care during curing, 
are not acceptable for export and have almost never been utilized by the 
American tobacco industry. 

The application of excessive amounts of fertilizer, or the wide spacing 
of plants may cause all the leaves of a plant to be larger than is normal 
for $ given variety. As a consequence all leaves on such plants are lowered 
in quality. This conclusion is supported not only by results obtained in 
our own production of Turkish tobaccos but also by the experienees of many 
persons well informed on tobacco culture in the Near East. An understand¬ 
ing of the underlying causes of this decline in quality with increase in leaf 
size must take into account the fyet that, in the Near East, tobacco has 
been cultivated for years in soils of low natural fertility and in areas having 
protracted periods without appreciable rainfall. Under such influences the 
plants are dwarfed. Then, as an additive cause for dwarfing, account must 
be taken of the fact that competition for water, nutrients, and light has 
been intensified by the cultural practice of close-spacing in the field. Under 
these conditions it should be anticipated that the tobacco plants w r ould be 
depauperate pud would differ structurally and physiologically from plants 
grown under conditions which would permit vigorous development. 

2. Leaf Size and Cell Size. Avery (1933), studying the development 
of leaves of Havana, Cuban Shade, and Cash varieties of tobacco, found that 



3044] 


WOLF AND JONES: TOBACCO LEAVES 


523 


when the leaves attained approximately from one-sixth to one-fifth of their 
mature size their full complement of parenchyma cells had already been 
formed. Subsequent growth of leaves was due, therefore, not to the produc¬ 
tion of new cells but to enlargement of cells already formed. It may be 
implied from these observations that all mature tobacco leaves of a {riven 
variety, regardless of size, presumably contain approximately the same 
number of cells. This proved to be true with flue-cured tobacco leaves in 
which a study was made of structural changes induced by topping: and 
suckering practices (Wolf and Gross 1937). 

From examination of cross sections of leaves of Turkish tobacco from 
different stalk positions 3, 4, 5), it may be concluded that in Turkish 
tobacco also each leai of a {riven variety has approximately the same number 
of cells. The volume of intercellular spaces is proportionately greater in 
large leaves than in smaller ones, but even if this fact be disregarded, there 
appears to be direct correlation between leaf size and constituent cell size. 
Attempts to establish such correlation by measurements of mesophyll cells 
were not made because of difficulties inherent in measuring cells so irregular 
in shape. The volume of the stomata] cells of leaves of different sizes, how¬ 
ever (table 4) indicates the existence of correlation between leaf size and 
size of stomata! ceils, and it is a reasonable assumption therefore that leaf 
size and size of other constituent cells is also correlated. 

If the problem of securing quality like that in oriental tobacco types 
involved simply the production of plants having small leaves, composed of 
small cells, it should be possible to grow tobacco having such quality by use 
of seed from other genetic types* provided the same practices of cultivating, 
harvesting, and curing were followed. Our limited attempts to accomplish 
this by use of flue-cured types have not realized this goal. In extenuation, 
it must he remembered that the development of quality characteristic of 
Turkish types has been accomplished in response both to environmental 
factors acting over a period of 200 or more years, and indubitably also to 
hereditary factors. 

From our limited observations it may be pointed out, as having bearing 
on the influence of heredity, that plants having upper leaves larger than 
average may be secured by judicious seed-plant selection. Moreover the 
quality of upper leaves from progeny thus selected is indicated to be high. 
Further evidence of the relation of hereditary factors to quality that appears 
to have more fundamental significance than results of selection for increased 
leaf size is the fact that the tobaccos produced have improved in each suc¬ 
cessive crop over the four-year period of these experiments. Instead, accord¬ 
ing to common opinion, a gradual deterioration of quality should have been 
expected. 
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3. Metabolic Activity of Leaves at Different Stalk Positions. Proof of 
differences in metabolic activity between leaves produced at different stalk 
positions rests upon a body of evidence, both direct and indirect, as follows: 

(a) The dry substance content of leaves, as calculated on a green weight 
basis (table 3), increases progressively upward on the stalk, and may be 
at least 50 per cent greater in the uppermost leaves than in the basal ones. 
Undoubtedly a portion of this increase in the upper leaves may be accounted 
for by their greater proportion of cell wall substance (cellulose and cellulose¬ 
like materials), as may be inferred from examination of figures 3, 4, and 5. 
There should also be relatively more protoplasmic material and less vacuolar 
material in small cells than in large ones. From chemical analyses, to be 
presented in another report, it can be shown that significant differences 
exist in carbohydrates, proteins, and minerals between leaves borne at 
different levels. 

(b) Leaves from different stalk positions, as shown by the varieties 
Broussa, Yenige, and Ayassolouk (table 3), differ in shape. The fact that 
they progressively tend to become relatively longer and narrower, or else 
shorter and wider, upwards on the stalk, is not believed to be fortuitous. 
Instead it is related to physiological unbalance in axial and abaxial forces, 
perhaps hormonal in nature, that control leaf shape. That such is the case 
was postulated to explain differences in length-width ratio of flue-cured 
tobacco leaves in response to topping and suckering practices (Wolf and 
Gross 1937). This imbalance with Turkish types of tobacco, which normally 
do not require topping and suckering, can be interpreted, however, as a 
response to priming only. With the removal of hand after hand, there 
remains a smaller and smaller functional leaf area, whereas the root and 
stalk systems remain intact. 

It was pointed out long ago by Zalenski (1904) in studies on structure 
of tobacco leaves that the higher the leaf position on the stalk the smaller 
the size of constituent cells, the smaller their stomata, the thicker their 
cuticle and the stronger their relative development of mechanical tissues. 
He found that these upper leaves have a higher rate of assimilation and 
transpiration and interpreted the anatomical features therefore to indicate 
xeromorphism. This explanation completely ignores responses that seem 
traceable rather to physiological unbalance. 

That priming, per se, can induce responses does not appear previously 
to have been taken into consideration by anyone. Data on length-width ratio 
of leaves from our previous studies (Wolf and Gross 1937) if regrouped, 
show that priming has a real .influence which was indeed overlooked. This 
can best be shqwn by the rearrangement of our previous data shown in 
table 5. 

The leaves of low-topped plants are seen to become progressively wider 
toward the top of the plant, those of the non-topped ones progressively 
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TABLE 5. 1Response of flue-cured tobacco to topping and su tikering; from tables 
1, J, 8) Wolf and Grow J037, grouped by primings. 


Length-width ratio 


Priming 

-- _ 

- - - 

- -- 


Low-topping 

High-topping 

Non-topping 

3 at 

1.802 

1.871 

1.845 

2nd 

1.785 

1.797 

1.905 

3rd 

1.709 

1.9H) 

1.9*7 

4th 

1.754 

1.950 

1.994 

5th 

1.008 

1.954 

2.195 


longer, and the length-width ratio of high-topped ones is least modified. To 
account for the changes in leaf shape in non-toppod plants priming appears 
to constitute the sole causal factor, and these resultant changes must be 
regarded as compensatory. The physiological unbalance from priming, indi¬ 
cated by changes in leaf shape, however, is not the same in all Turkish types, 
as shown in table 8. With some varieties the axial forces operating in deter¬ 
mination of leaf shape may become progressively more and more dominant 
as harvesting proceeds; with other varieties both axial and abaxial forces 
may tend to remain balanced, or with other ones the abaxial forces may 
gain the ascendancy. 

Profound compensatory responses, then, occur in tobacco plants that 
are “maimed” either by topping, suckering, or priming, and are to be 
compared with those induced among other kinds of plants. For example, 
fruit growers, gardeners, and florists have long employe<|^&ueh practices 
as thinning of fruit, removal of flower buds and branch buds, root-pruning, 
withholding of nutrients and water, judicious spacing of plants, leaf- 
pruning, etc., to modify the size and quality of the products grown for 
harvesting. Such responses prove the well-known fact, sometimes overlooked 
and unappreciated in experimentation, that the entire plant is a unit, behav¬ 
ing as a coordinated interdependent entity, and that the removal of any 
part induces responses in tin* “maimed” remainder. Such responses are 
fundamentally analogous to he Chatelier’s physico-chemical principle which 
states in effect that if some stress, as for example change in temperature, 
pressure, or concentration is brought to bear on a system in equilibrium 
and the equilibrium is thereby displaced, a change in the system occurs in 
that direction which tends to minimize the effect of the stress. A similar 
basic principle, as applied to living things, has been concisely brought into 
perspective by Cannon (1929) and is designated by him as homeostasis. 
Included in homeostasis are all those coordinated physiological reactions 
which function to maintain the steady states or equilibria in living 
organisms. 

(c) The rate of growth of the upper leaves of tobacco is slower than 
that of the lower ones. This fact was pointed out by Berthold (1929a), and 
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is a matter of common knowledge among tobacco growers. Decrease in 
growth rate or decrease in metabolic activity is no doubt causally related 
to the age of the plant as a unit. The prevalence of supra-optimal tempera¬ 
ture and light might serve as an additive cause of retardation of growth 
toward the end of summer. In any event, if Turkish tobacco grows inter¬ 
mittently and matures quickly the crop tends to be of poor quality, whereas 
if growth and maturity proceed uniformly and slowly, according to a typical 
growth pattern, the tobaccos will be of better quality. 

4. Glandular Hairs and Quality. The hands and clothing of workers 
who harvest tobacco become covered with “gum.” This gum consists of the 
exudate from glandular hairs that coat the leaves, stem, and inflorescence, 
admixed with fragments of the hairs themselves. Glandular hairs and other 
trichomes arise singly from epidermal cells, as is well known. Avery (1933) 
pointed out that the formation of new epidermal (‘ells ceases shortly in ad¬ 
vance of cessation of production of new mesophyll-tissue cells. Bach leaf 
from a single individual plant appears, from the present observations (table 
4), to possess substantially the same number of hairs That each such leaf 
has the same hair population could be established with finality, however, 
only by determining at what stage of leaf development the production of 
new hairs ceases. Apparently such studies have never been made. 

As is strikingly shown in table 4, the number of hairs per unit area of 
lower leaf surface is inversely proportional to leaf sr'<\ These results may 
be interpreted as showing that the amount of exudate is also inversely pro¬ 
portional to leaf size. Moreover, the warm weather that obtains as the season 
advances seems to stimulate increased activity of the glandular hairs so that 
droplets of exudate accumulate along the sides of the hairs and may even 
appear as pools or films around their bases. 

The chemical nature of this exuda + e from llic glandular hairs of tobacco 
leaves has been studied by several investigators but as yet our knowledge 
of it is quite* incomplete. According to a recent summary by Briiehner, 
(1936) investigators seem in accord that the exudate is a mixture of rosins 
or waxes and ethereal oils. These waxes, like the ethereal oils, are consti¬ 
tuted of a mixture of aliphatic, hydro-aromatic and aromatic materials. 
Quite a few of the components have been isolated and their elementary 
composition and physical properties have been determined. During growth 
of a tobacco plant, and also during curing and fermentation, this exudate 
changes continuously by autooxidation and polymerization. 

Tobacconists generally are of the opinion that both flavor and odor of 
smoking tobaccos are directly correlated with the content of resins of the 
tobacco. This matter is summarized in the treatise of Briichner J936, vide 
p. 246) as follows: “Auf Grand der vorliegenden Untersuclumgen kommen 
wir zu dem Ergebnis das der Qualitiit des Tabaka, die bekanntlieh nur aus 
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dem Zusammenwirken aller Tabakinhaltskorper restlos erklarbar ist, im 
allgemein in einen direkten Verhaltnis zu seinern Harzgehalt steht. ,,a 

Aroma in tobaccos has long been regarded as an elusive quality. In the 
case of Turkish tobaccos, the evidence outlined above may be interpreted 
to indicate that the characteristic aromas arise mainly from the glandular 
exudate. This interpretation rests mainly upon the observations that with 
progressive decrease in size of leaves there is a corresponding increase both 
in density of glandular hair population and in volume of aroma. Additional 
support for this explanation is offered by the observation that the glandular 
exudate, when isolated from leaves by accumulation on clothing, imparts 
to the clothing an aroma of great intensity characteristic of Turkish 
tobaccos. This aroma persists for a long time if the clothing is stored and 
even seems to change during storage. 

SUMMARY 

This study represents an attempt to correlate leaf structure and quality 
of oriental types of tobacco. It is concerned with five varieties, representative 
of four of the most important types, namely Samsoim, Smyrna, Cavalla, and 
Xanthi, that were grown at the Tobacco Experiment Stations, Oxford, N, C„ 
and Chatham, V r a., during four successive seasons. 

The following correlations between the structure of green leaves and 
quality of cured leaves appear to be established: 

1. Leaf size is correlated with stalk position, the largest leaves occurring 
at the basal portion of the stalk. 

2. Leaf size is correlated with constituent cell size. Largest leaves have 
the largest most loosely arranged cells. 

3. Leaves borne at different stalk positions may be of different shapes. 
Variations in leaf shape, interpreted as a compensatory response to priming, 
are greater and greater as harvesting proceeds. Differences in stalk position 
of leaves is also correlated with differences in amount of leaf-tissue con¬ 
stituents. 

4. The population density of glandular hairs increases with decrease 
in size of leaves. The smallest leaves on a plant may have from 2 to 5 times 
as many hairs per unit area of leaf surface as the largest ones. 

Since the largest leaves occur at the basal portion of the stalk and since 
the quality of the tobaccos increases progressively upward on the stalk, 
there is therefore direct correlation between structure and quality. 

The proximate causes of differences in quality of oriental tobaccos are 
complex. Combustibility and aroma are well known to constitute the two 

A Freely translated: “On the basis of tin? foregoing experiments we may conclude that 
quality in tobacco although it can only be finally explained on the basis of the interaction 
of all constituents, \et if stands, in general, in direct relation to resin content . ff 
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most highly prized attributes of such tobaccos. Combustibility, not given 
consideration herein by direct tests, seems to depend mainly upon leaf 
texture, i.e., constituent cell size, and chemical composition. Aroma, when 
approached as a problem in leaf structure, seems to be traceable primarily 
to the exudate from glandular hairs. 

Duke University 

Durham. North Carolina 
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CHROMOSOME NUMBER, MEGASPOROGENESIS, AND 
DEVELOPMENT OF EMBRYO-SAC OF 
CLINTONIA 

Ruth I. Walker 

The genus CUntonia contains six species, four of which are found in the 
temperate regions of North America, CUnionia borealis (Ait.) Itaf. is the 
most widespread in its distribution, being found in moist woods from Labra¬ 
dor to North Carolina and westward to Manitoba, Minnesota, and Wisconsin. 
C. u mb ell id at a (Michx.) Moron# extends from New York to Tennessee and 
Georgia. Of the other two species, (\ uniflora (Schult.) Kunth. is found 
growing in coniferous forests of the Sierra Nevada mountains and in 
scattered areas north to British Columbia, and (\ andrnvsiana Torr. is con¬ 
fined to shady woods near the coast in central and northern California. 

The embryo-sac development of Clintonia borealis lias been reported by 
it. W. Smith (4). lie found that a single arehesporial cell without division 
functions as the megaspore mother-cell. As a result of meiosis, four mega- 
spore nuceli are formed. Three of these migrate to the ehalazal end of tin* 
embryo-sac and degenerate, the fourth remains in the micropylar region, 
divides, and its daughter nuclei divide. Of the four nuclei thus formed, 
the two upper sister nuclei become the nuclei of the svnergids. The nucleus 
nearest the ehalazal end becomes the primary endosperm nucleus and the 
remaining one is the nucleus of the egg. In this study Smith reported also 
that the haploid chromosome number is probably 12. 

Since this paper was prepared F. JL Smith (3) lias observed that the 
embryo-sac of (\ uni flora follows the same pattern of development as that 
described for (\ borealis. He reports that the haploid number of ehromo- 
somes of (\ uniflora is 14. Schnarf (2^ in a summary of various types of em¬ 
bryo-sac development in angiosperms considered CUnionia a doubtful 
Oenothera-type, since the course of development does not agree with that of 
closely related plants. Maheshwari (1) lias suggested that CUnionia may 
supply an example of a reduced embryo-sac of the Fritillaria-tvpe with six 
instead of the normal eight nuclei. This is based only on a different inter¬ 
pretation of It. W. Smith’s figures. A reinvestigation of CUnionia borealis 
was made by the present author, arid the history of the development of the 
embryo-sac resembles that reported by Smith (4). A similar history was 
found in C. umbclltdaia , C. andrnvsiana , and (\ uniflora . 
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MATERIALS AND METHODS 

Flower-buds of various ages and open flowers of (\ borealis were collected 
by the author from the woods in the vicinity of Oosburg, Wisconsin. Similar 
material of C. nmbellulala was obtained from J. Worden, St. Bonaventure 
College, St. Bonaventure, New York, and of (\ andrcwsiana and C. uniflora 
from Marion S. Cave, University of California at Berkeley, California. 
To them the author expresses her gratitude. 

Material was fixed and imbedded in paraffin by the usual methods. Fix¬ 
ing fluids used were Oarnoy’s acetic-aleohol-chloroform, Randolph's CRAF, 
and formol-aoetic-alcohol. The last-named fixative was used alone and also 
after first dipping the material in the Carnoy fixative. Sections were stained 
with Heidenhain's iron-alum haematoxylin. Chromosome counts were made 
in microspore mother cells in smears made with Belling*# iron aceto-carmine. 
The Works Progress Administration, University Natural Science Project* 
Work Project No. 10324, furnished assistance in the preparation of some of 
the microscopic preparations. 

CHROMOSOME NUMBER 

Chromosome counts were made from polar* views of heterotypic equa¬ 
torial plates of micro- and megaspore mother-cells and of late prophases in 
the divisions of the micro- and megaspores. These counts arc: 

(\ borealis: n - 16 (figs. 1, 2). 

(\ umbellulata: n - 14 (figs. 3, 4). 

(\ andrcwsiana: n ^ 14 (fig. 5), 

C. uni flora: 7i ~ 14 (fig. 6). 

Explanation of figures 1-22 

AJl drawings were made with a camera lucida at table le\el. Spencer compensating 
oculars and a l.f> mm. 1.23 N.A. achromatic oil immersion objectin' ueie used. Figures 
J-Gxca. 2000; 7-37 * ca. 1200. 

Fig. 1. Polar \ie\\ of a heterotypic equatoiinl plate in the microspoio mother cell of 
C. bonaliH. Fro. 2. Lateral view of a haploid equatorial plate of the final division m the 
embryo-sac of C. borealis. Fig. 3. Polar \ iew of bn j>loid equatorial plate in the second 
division in the embryo-sac of C. umbellulata. Fig. 4. Late prophase of first nncleai 
division in the microspore of C. umbellulata. Fig. 3. Polar view of heterotypic equatorial 
plate in the microspore mother-cell of C. andrenmana. Fig. <>. Polar view of haploid 
e<juatorial plate of the final division in the embryo sac of ('. unifloia. Fig. 7. Longi 
tudinal section of young ovule with archesporial cell (megaspoie mother cell) of ('. 
andreumana . Fig. 8 . The same in C. umbellulata. Fig. 9. The same in C. uniflora. Fig. 
10. Lateral view, heterotypic equatorial plates in megaspore mother-cell, (\ umbdlulata. 
Fig. 11. Lateral view, homoeotypic equatorial plates in megaspore mothei cell, C. an 
dren'siatia. Fig. 12. Lateral view, anaphase, homoeotypic division in megaspore mother 
cell, C* umbellulata. Figs. 13, 14. Equatorial plates, homoeotypic division in megaspore 
mother-cell, C. um flora. Flo. 13. Four-nucleate embryo sac after homoeotypic division 
in C. andreumana. Fig. 10. The sdme in C. umbellulata. Fig. 17, The same iu (\ um flora. 
Fig. 18. Migration of abortive nuclei in C. umbetlnlata. Fig. 19, After the migration of 
the abortive nuclei. Fig. 20../Embryo-sac of C. umbellulata with large central vacuole. 
Fig. 21. The same in C . andreu'tnana. Fig. 22. Fusion of abortive nuclei in clmlazal region 
of embryo-sac of C. umbellulata. 
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EMBRYO-SAC DEVELOPMENT 

The history of the development of the embryo-sac in C. umbellulata, C . 
andrewsiana , and C. uniflora is in general similar to that described by R. W. 
Smith (4) for C. borealis, and by P. H. Smith (3) for C. uniflora . A single 
hypodermal cell is differentiated early in the development of the ovules as 
an archesporial cell which is to function as the megaspore mother-cell. It 
is easily distinguished from the neighboring nueellar cells by its greater 
size and its more deeply staining properties (figs. 7, 8). This cell increases 
in size slowly throughout the development of the embryo-sac. During the 
prophases of the first meiotie division it is about twice as long as broad, the 
nucleus being in the mid-region of the cell (fig. 9). The spindle of the first 
meiotie division lies near the center of the cell and approximately parallel 
to the long axis of the cell. Figure 10 shows this division in V. umbelhilata; 
fourteen pairs of chromosomes can be counted on the equatorial plate. 

The second meiotie division must follow almost immediately, since 
binudeate stages were rarely visible in the preparations. Only three prophase 
stages of second division were observed in my material. R. \V. Smith (4) 
figured a binudeate cell in (\ borealis , although he too reports that these 
are rare. The upper of the two nuclei is normal in appearance in his figure 
while the lower nucleus is an irregular mass of diromatin. 

The axes of the hoineotypic spindles may be approximately parallel to the 
Jong axis of the cell (figs. 11, 12) or at an oblique angle to each other 
(figs. 13, 14). Both divisions appear normal and occur simultaneously (figs 
11, 12). One exception was observed in C. umbelhilata , in which the lower 
nucleus divided before the upper nucleus. 

After reaching the poles (fig. 12), the chromosomes nearest the micro- 
pvlar end of the developing embryo-sac become organized into a large 
rounded nucleus while the three other chromosome groups form irregularly 
shaped deeply staining masses (figs. 15, 16). Later these masses become 
rounded and often vacuolate but do not increase in size as does the micro- 
pylar nucleus (fig. 17). Spindle fibers persist for a time between the daughter 
chromosome masses, but eventually disappear. The cytoplasm is find} 
vacuolated and at no time is there any indication of a cell plate between 
the sister nuclei. 

The embryo-sac grows, becoming several times as long as broad. The 
vacuoles, which up to this time have been small, now begin to coalesce, form¬ 
ing a large central vacuole in the center of the sac. This appears to occur 
earlier in C. andrewsiana (fig. 21) than in C. umbelhilata (fig. 20) and (\ 
uni flora (fig. 17). 

The micropylar nucleus remains at that end of the sac; the three smaller 
abortive nuclei migrate-toward the chalazal end (fig. 18); later they may 
unite (fig. 19). The movement of the abortive nuclei may be aided by the 
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Fig. 23. Fusion of abortive nuclei lit chalazal region embryo sac of C, andriuwiana . 
Fig. 24. The same in f. nm flora. Fig. 25. Polai view, equatoiial plate, third nuclear 

di\ision in ombiyo sac of C. umbiUuIata. Thiee aboitive nuclei m chalazal legion of .ac. 

Fig. 2f>. Embryo .sac of C. umbtUulata after third division. Spindle fibeis piesent. Abortive 
nuclei have migrated to chalazal region of sac. Fig. 27. The same. Aborthe nuclei fuse. 
Fig. 28. The same in C. urn flora. Fig, 20. The same. Disappearance of spindle fibers. 

Fig. 30. Equatorial plates, fourth division in embryo sac of C. umbrfhdata. Fig. 31. The 

same in C . uni flora . Fig, 32. Anaphase of final division in embryo sac of C. umbeUvlata. 
Fig. 33. Fell plate formation between svnergid nuclei of (\ uni flora. Fig. 34. Mature em¬ 
bryo sac of C. umbel! ulata. Fig. 35. Mature embryo sac of C. uni flora. Fm. 36. The same 
tor C. andrnvsiana , showing synergid, egg, and primary endosperm cell. Fig. 37. 
H\nergid of embryo sac shown in figure 36. 
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formation of the large centra] vacuole (figs, 19, 20, 21). Union of the 
nuclei occurs in various ways; in some sacs the two upper nuclei fuse before 
coming in contact with the third nucleus (fig. 19); while in others the two 
lower nuclei fuse first. Figures 22 and 23 show a single nucleus in which 
the lobes representing the abortive nuclei are still visible. Fusion of the 
nuclei may be delayed, however, until after the division of the functional 
megaspore nucleus (figs. 25, 26). 

It. W. Smith has shown a stage in the union of abortive nuclei similar to 
figure 26. Such a figure has been interpreted by Maheshwari as possibly a 
secondary 4-nucleate stage, in which the two mieropvlar nuclei are haploid, 
the two chalazal nuclei being triploid as a result of the division of the 3 
abortive nuclei on a common spindle. The absence of spindle fibers between 
the abortive nuclei, the difference in size and the variation in position of 
nuclei (figs. 19, 26) seem to make it clear that in inv material the abortive 
uuelei are in a process of fusion and are not the result of division. 

The functional megaspore nucleus rests for a time and then divides 
The spindle during its division is usually parallel to the long axis of the 
embryo-sac and the two nuclei arc formed one above the other (figs. 26, 27. 
28). The first division occurs almost simultaneously in the two nuclei; the 
spindles of this division are approximately at right angles to each other as 
shown in figures 30, 31, and 32. 

Upon completion of this division four nuclei are present at the micro- 
pylar end of the embryo-sac. Cell division occurs by cell plate formation 
(fig. 33). The two upper sister nuclei with surrounding cytoplasm become 
the synergids; the uppermost of the other pair with the surrounding cyto¬ 
plasm becomes the egg, and the remaining one is the free polar nucleus of the 
primary endosperm cell (figs. 34, 35). The polar nucleus remains in position 
until fertilization occurs. 


summary 

The chromosome number of Clinionia borealis is n - 16, of (\ umbellulala 
n = 14, of 0. andrewsiana n = 14, and of V. uniflora n = 14. 

The embryo-sac development in (\ nmbellulata , C. andrewsiana , and V. 
uniflora is similar to that described by R. W, Smith for C. borealis , and by 
F, H. Smith (3) for C\ uniflora. 

A single hypodermal cell is differentiated as an arehesporial cell. This 
functions directly as the megaspore mother-cell. 

As a result of meiosis, four megasporc nuclei are formed, an uppermost 
large rounded nucleus and three smaller undifferentiated nuclei. 

The smaller (abortive) nuclei usually migrate toward the chalazal end 
of the embryo-sac and may unite. 

Two further divisions result in the formation of four nuclei from the 
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nucleus at the micropylar end of the embryo-sac. Cell division is by eel] 
plate formation. 

The mature embryo-sac consists of four cells; two synergids, an egg, 
and a primary endosperm cell containing a haploid nucleus and the remains 
of the abortive nuclei. 

Department of Botany, University of Wisconsin 
Milwaukee, Wisconsin 
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STUDIES IN OHIO FLORISTICS—III. VEGETATION 
OF OHIO PRAIRIES 1 

Clyde H. Jones 

When the early settlers crossed the Appalachian Mountains and came 
into the territory which now comprises the State of Ohio, they found numer¬ 
ous variations from the relatively unbroken forests through which they had 
been traveling. 

In the central part of the state they found rather extensive areas, 
scattered through a dozen or more counties, which were dominated by grass 
vegetation. Without a doubt these were outliers of the tall grass prairie, 
that “vast sea of waving grasses” which dominated the landscape farther 
to the west (10). These central Ohio grasslands for the most part consisted 
of a complicated mosaic of grasslands interlaced with tree-bordered streams, 
swamp forests, swales, and isolated prairie groves on some of the better 
drained sites. 

Between these outliers of the true prairie of the interior lowland and 
the forests of the plateau, there existed an irregular, discontinuous zone of 
small areas populated with prairie grasses and with forbs of the deciduous 
forest. A few examples of these diverse habitats are as follows: sand and clay 
ridges well within the plateau, such as the Buffalo Beats in Athens County 
and the Kettle Hills in Fairfield County; pre- and inter-glacial river valleys 
at the plateau margin, such as the floodplain prairie at Lancaster, Fairfield 
County, and the Higby Prairie of the abandoned preglacial valley south of 
Chillicothe, Ross County; bog margins, such as the marl bogs of Pickaway 
and Ross Counties; and the limestone and dolomite cliff-top prairies of the 
plateau escarpment, such as Buzzards Roost in Adams County. 

For many years numerous questions pertaining to the age of the prairies 
have confronted the ecologist (2, 5, 8, 11, 12, 13). Today many of these same 
questions continue to challenge the student of Ohio prairies. Prairies located 
on the till-plains and moraines of the Wisconsin glacier were obviously post- 
Wisconsin in age, but the problem of age becomes much more complicated in 
relation to those areas within or at the edge of the plateau that were neither 
glaciated nor submerged during glaciation. 

Closely associated with problems of age is the problem of migration 
routes over which the ancestors of these plants traveled. They may have 
migrated into Ohio during preglacial times over a widespread front of con¬ 
tinuous habitats, many of which were undoubtedly destroyed later by the 

i Papers from the Department of Botany, The Ohio Htnte University, No. 436. 
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southward advance of the glaciers. If these plants were present in Ohio prior 
to the period of glaciation, it seems reasonable to believe that many of them 
could have survived on favorable sites in the unglaciated plateau during 
advances of the ice. During inter- and postglacial periods these plants could 
have then migrated into areas in the west-central part of the state. The rela- 
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Fig. 1. Approximate location of the major prairie areas of Ohio. Hize of individual 
areas exaggerated. Adapted from E. N. Tran scan ’« Prame Pnunxula Map (1935). 

tive absence of extensive prairies in eastern Indiana gives credence to this 
speculation (4). 

On the other hand, if the major migration of prairie plants into the state 
was from the west in postglacial times, it must have been mainly over the 
newly exposed Wisconsin till-plains and moraines since few prairie plants 
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have been found on the ancient lllinoian till-plains in Ohio, as has been 
pointed out by Braun (1). 

The relative absence of prairie plants on the lllinoian till-plains gives 
rise to interesting speculations in relation to the date of migration and the 
migration route of the ancestors of the prairie plants which now occupy the 
dry prairie sites in Adams County. The possibility of their having migrated 
into this area prior to lllinoian glaciation has been suggested by Braun (1). 
It is altogether possible, however, that this migration could have occurred 
from the Wisconsin till-plains to the north in postglacial times along exposed 
limestone formations, slack-water silts, or the plateau margin itself. Another 
possibility is that of a northeastern migration from the 14 Kentucky Barrens’ * 
region which could have occurred in pre-, inter-, or post-Pleistocene times. 

When one studies the distribution of the following prairie plants on 
glacial till-plains and moraines in Illinois (1), Indiana (4), and Ohio as well 
as on unglaciated areas in Kentucky (6), West Virginia (3), and Ohio, these 
problems become even more complicated, and one is inclined to believe that 
this migration may have occurred over any one or all three of the suggested 
routes. 


Acerates floridana 
Acer at ts viridi flora 
- 17 idropoff 07 i furcat us 
A ndropoffon scoparius 
A self pi as tuberosa 
Bouteloua curtipcndula 
Brauneria purpurea 
Cacaha atnplidfolia 


Cassia Chatnaecnsta 
Eryrtffium yuccifohum 
Liatris spieata 
Liatris sqvarrosa 
Lithospcrmum ranesccns 
Panxnm virqatum 
Silpitum trifohatum 
Sory hast rum nutans 


The main purpose of this paper, however, is to present a list of the plants 
which occurred on the prairie areas of Ohio at the time of settlement. As one 
might expect, this is not an easy task, since agricultural operations and pas¬ 
turing during the intervening period of years have completely destroyed or 
at least greatly altered the original vegetation of all the known prairie loca¬ 
tions. Numerous remnants of the pyairie vegetation remain, fortunately, on 
roadsides, fence rows, abandoned cemeteries and school grounds, sand dunes, 
steep moraines, ridge tops, and cliff edges within these areas. An analysis of 
the relative abundance of species within these areas leads one to believe that 
the following major grassland types (34) were well represented in Ohio: 
Big Bluestem, Little Bluestem, Slough Grass, and Tall Panic Grass-—Wild 
Rye. 

According to historical records, the grasses of the Andropogon furcutus- 
dominated grasslands of the deep, moist, black soil areas of central Ohio grew 
in such luxuriance that the early settlers had to stand up in their saddles to 
locate the grazing cattl§ (9). Poorly drained sites within these areas, such 
as sloughs and swales, were dominated by Spariina Michaujriana , and sand 
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JFig. 2. A. A pniiiie area dominated by Anflropayan furratus. Adams County. B. A 
piairie slough dominated by tipartuia Michauxiana. Marion County. 

ridges and moraines were covered with Andropogon scoparius, The over¬ 
drained and over-exposed “meadow and glade” areas within and at the edge 
of the plateau were dominated by Andropogon sco partus and tforghastrum 
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nutans, which frequently grew as bunch grass instead of forming closed asso¬ 
ciations as did the Andropogon furcatus on the flat areas in the central part 
of the state. Locally, especially on sites located on calcareous materials, 
Andropogon furcatus, Andropogon scoparius, Sorghastrum nutans, and 
Bouteloua curtipcndula were dominant. 

The following list of plants is believed to be representative of the species 
characteristic of Ohio’s prairies. 2 It contains plants which were collected 
from numerous, diverse prairie habitats in the state, and it is quite unlikely 
that any single original prairie contained all of the species listed. 


Dominants 

Andropogon furcatus Sorghastrum nutans 

Andropogon scoparius Spartina Michauxiana 

Subdominants 


Acerates floridana 
A cerates viridiflora 
Ambrosia bideni at a 
Amorpha fruticosa 
Arcnaria palula 
Artemisia gnaphalodes 
Artemisia ludoviciana 
Asclepias Sullivan tii 
Asclepias tuberosa 
Asclcpiodora viridis 
Aster azureus 
Aster Drummondii 
Aster laevis 
Aster solidfotius 
Aster Tradescanti 
Bidens aristosa 
Bouteloua cnvtipendnta 
* Brauneria pvrpurea 
Cacalia atriplirifolia 
Cacalia tuberosa 
Car ex erus-corvi 
Carex snbereeta 
Cassia Chanxaecrista 
Cassia nictitans 
Cirsium discolor 
Cl come serrulaia 
Croton monanfhogynus 
Desmanthus illinoensis 
Desmodivm canadensis 
Elymus canadensis 
Equisctnm Icansan urn 
Equisetvm laevigatvm 
Erigeron pulchellus 
Erigeron ramosus 
Eryngiim yucdfolimn 
Erysimum asperum 
Euphorbia corollata 


Vilipendula rubra 
Gaura biennis 
Gentiatia puberula 
Gerardia temnfolia 
Geum canadmse 
Habenaria leucophaca 
fife dvo ma li is pi da 
Jlelianth us grossestrrat ns 
Heliopsts scabra 
Houstonia angustifolia 
Jloustonia lanceolata 
Hypericum cistifolium 
Isanihus brachmtns 
Juncus interior 
Koeleria crista!a 
Kuhnia eupatonoides 
Kuhnia glutinosa 
Lecltea stricta 
Lepachys colum nans 
Lespedeza capital a 
L iat ris cyl i n d racea 
Liatris scariosa 
Liatris splcata 
Liatris squarrosa 
Lit in m m ich igannise 
Liliim superbum 
Linum sulcatum 
Lithospcrmum can esters 
Monarda mollis 
Muhlenbergia capillaris 
Muhlenbergia cuspidata 
M uh ten her gin racemosa 
Oenothera speciosa 
Panicum huachucae 
Panicum Scribnerianum 
Panicum virgatum 
Plant ago Purshii 


* Nomenclature essentially that of Gray's Manual, 7th edition. 



10443 


JONES orao PRAIRIES 


541 



Fi(i i \ pi uiu ue«i of tl Ohio is it ipp< ns todn M idiflon Count \ 


PrtminUu s aspaa 
f*n nantlus tacnnnsa 
Vi/cnanUumum pdosum 
Vi/t nanlht mum t irqinianum 
f osa b Jan da 
I OS(l / i/ont 
If osa si hand 
Rudbul la sp (iosa 
Ludbtdia S all n anti 
Sabatia an (/titans 
Sana da an qana 
Sad (liana panula 
S n*(to plaitaisis 
S dour uqta 


S dphntm fat binthmart nm 
S dph tu m Ifnbinlhi nat t inn 
\ lr pinnatifidum 
\ilphntm tnfohalnm 
Solulaqo oh win sis 
S ohdaqo hidddlu 
Split nophohs tthlusala 
SpotobtJus aspt r 
Spoiobolus (lamb simus 
Si/ntln/ns Bullu 
Ihalutnun thou it m 
1 nfolium stobnnftrum 
1 a bt ua bun l(osa 
l < nwnta mtssutua 


I tola ptdahfida 


The following list lepiesents plants uhn h iiequenth ouui in association 
with these piaine dominants at the edjre ot forests and on o\er exposed and 
o\er drained areas sueh as cliff tops, sand and eho ridges, <ua\el moraines, 
and porous taloaieous material 


Iqnmonta moll a 
Amphuarpa montea 
Asia cordtfohuA 
Asia bit t is 
Astir oblonqifohus 
isttr baaittifohus 
Aster andnlatus 

‘Confined foi the most pint to 


Baptism austiahs 
Baptism h ucantlia 
Bu/nonia <apt to! at a i 
Ctanothus mat us 
Chn/sopsiu qiamimfoUa 
Comandta umbdlata 
Cot opns luphris 

domed fiom (altateous inn tonal 
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Bern odium bract eosum 

Polygala verticillata 

Desmodinm ilhnoense 

var. ambigua 

Eupatorinm sessilifoliu m 

Prenanthes altisshna 

Galactia voluhilts* 

Psoralea Onobryohis 

Eelianthus microcephalus 

Psoralea pedmculata 

Hcxalectris spiral a * 

Ruellia ciliosa 

Hypericum gentian aides 

Solidago bicolor 

Leavenworthia uniflora* 

Solidago erect a 

Lechrn raccmnlosa 

Solidago rigida 

LobvHa leptostachys 

Solidago speciosa 

Manfreda virginica 3 

var. angustata 

Ophioglossum Engel man nis 

Spiranthes Bccl'ii 

Panicum Boscii 

Spiranfhes gracilis 

Pentstemon laevigatas 

Stylosan thes biflora 

var. digitalis 

Thalictrum nvoluturns 

Phascolus polystachy ns* 

Thaspnim pinnatifidum 

Phlox glaberrima* 

Viola lanceolata 

Plant ago aristata 

Viola sown a 

Poly gat a san guinea 

Viola fValferi* 

The following list represents plants 
quently occur in these prairie areas. 

of general distribution which 

Agrimonia mollis 

Lobelia cardinalis 

Amphicarpa monica 

Lyeopus americanus 

Anemone canadensis 

L\)thrum alatUm 

Anemone virginlana 4 

Monarda fistulosa 

Antennaria plantagimfolia 

Muhlenbergia mexicana 

A pocyn u m a n drosae m ifoliu m 

Mutilenbergm Sehreben* 

Apocynum eannabinum 

Oenothera biennis 

Asclepias in carnal a 

OxaUs strict a* 

Aster multi floras 

Oxalis vxolaeea 4 

Aster novae-angliae 

Ph alar is arundivacea 

Car ex pennsylran iea 

Ph ifsalis la nct olata 

Carex vulpinoidea 

Physalts virgin tana 

Cinna arvndinacea 

Poa pralensis 

Dodeeathion Mcadia 

Polygonum Muhlenbergii 

Eragrost is pedinacea 4 

Pali ntilla can ad < nsis 

Erigeron ramosus 

Pycnan themum fli xuosam 

Eragana virgin tana 

Rhus toxieodt ndron 

Galium continuum* 

Rosa virginiana* 

Galium iinctorium 

Rudbrcl’ia hirta 

Glyceria nervata 

Ruellia strepens 

Jlclianthus gigantms 

Sanicula marilandica* 

TJclianthus grosseserratns 

Senetio aureus 

Helianthus hiruutm 

Sencno ob or a tits* 

H ehanthus tubcrosvs 

Smilax hispida 4 

ffeliopsis htiianthoides 

Solann m carolin ense 

Hypoxis Inrsuta 

Solidago canadensis 

J uncus tenuis 

Solidago nemoralis 

Juncus Torreyi 

Solidago ul mi folia 4 

Leersia oryzoides 

Specularia perfoliaia 

Leersia virginica * 

Steironema ctliatum 

Leptandra virginica 

Steironema quadriflonm 


s Confined for the most part to habitats derived from ealcareous material, 
4 Confined for the most part to dry habitats. 
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Teucrium canademc 
Th alio trnm dasycarpn m 
Verbena angmtifolia 
Verbena hastate 


Verbena siricta 
Vernonia altissima 
Zizia aurca 
Zizia eorclat a 


Trees and shrubs of the following list frequently border dry prairie areas 
or occur as scattered specimens within these areas. 


Celt ix oroide n lot is* 

Corels canadensis 
Corn us florida 
Corn us paniculate 
Corylus americana 
Viospyfos rirgin iana 
Frajri n us am or icon a 
Fraxxnus quadrangulata *• 
Gaylussacxa bar cat a 
J n mperus v irgi man a 
Liriodendron tulipifera 
Ostrya virgin iana 
Pin us rigida 
Pm us virgin iana 
Prunus americana 


Quercus coccinea 
Quercus marilandica 
Quercus Muhlertbergii* 
Quercus stcllata 
Quercus volutin a 
Rhamnvs raroliniana 
Rhus canadensis 
Rhus copalHna 
Rhus glabra 
Saliac hu mills 
Thuja occidentalism 
lTin us americana 
Vlmus fulva 
Vacci n iu m vac ilia ns 
Vibtt rn u m prun ifoliu m 


Dry prairie habitats are much more numerous and extensive within the 
plateau today than they were at the time of white man’s occupation. Hun¬ 
dreds of acres of land on the narrow, steep-sided ridges were cleared and 
converted into farm lands. In a few years the farmers discovered that these 
areas could not be farmed profitably year after year because of over-drainage 
and lack of sufficient essential minerals in the soil. Eventually most of them 
were either abandoned or converted into pastures. As one might expect, the 
present-day vegetation cover of many of these tracts has been influenced by 
factors such as the following: 

1. Length of time area was under cultivation before abandonnu nf. For 
example, if the area was used exclusively for the production of cultivated 
crops for many years, the probability of the roots of the native perennials 
being eradicated is much greater than if the area was soon abandoned or con¬ 
verted into permanent pasture. 

2. Vegetation cover at the time of abandonment. If there was a well- 
established grass cover at the time of abandonment, such as would be found 
in a meadow, the species that comprise the succeeding association will differ 
from those which would become established following a cultivated crop such 
as corn. 

3. Pasture history . One area under observation had been pastured rather 
lightly for many years by sheep, and the dominant association consisted of 
Andropogon virginivus and Danthonia spicata. The area was then subjected 

4 Confined for the most part to dry habitats. 

R Confined for the most part to habitats derived from calcareous materials. 
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to heavy grazing by cattle, and in three years the most conspicuous associa¬ 
tion consisted of Aristida dichotoma , Hypericum, punctatum, Solatium caro- 
linense, and Achillea millefolium. 

A-Organic content of the soil at the time of abandonment. When the soil 
of these upland areas has been depleted of organic material, a xeric condition 
tends to come into being, which in turn limits the types of vegetation which 
can become established. 

5. Location of the area in relation to plants producing seed. In numerous 
instances Pinus rigida, Pinus echinata, and Pinus virginiana have become 



Fig. 4. A typical dry prairie within the plateau. Available information indicates that 
this area has not been plowed or pastured. The dominant grasses are Anrtropogon sroparius. 
Andropogon furcatus, and Sorghaxtrum nutans. Athens County 

established in abandoned pastures'near wood lots containing seed trees of 
these species. 

6. Chemical composition of the soil. Sorghastrum nutans, for example, 
is much more likely to become established on areas deficient in calcium than 
Boutelom curtipendula. 

7. The direction and degree of land slope. Areas sloping towards the 
south or towards the direction of the prevailing winds are usually much 
dryer than those which slope towards the north or away from the prevailing 
winds. Likewise, if the slope is steep, excessive water runoff will result, bring¬ 
ing into being conditions which favor the establishment of the more xeric 
species. 









1944] 


JONES: OHIO PRAIRIES 


545 


8. The degree to which the surface soil was removed before abandonment . 
When most of the surface soil has been removed by the agents of erosion 
before abandonment, the area is limited in its capacity to support a great 
variety of species. Likewise, plant succession is retarded when this condition 
exists. 

The following plant successions, however, are representative of the vege¬ 
tation changes which frequently occur on these abandoned areas. The differ¬ 
ent stages and the dominant species of each arc presented in the sequence A, 
B, and C. 

1. Abandoned meadow (cultivated grasses) followed by: 


A 

Asfrr cricoidcs 
var, villosus 
Eragrostis cilianensis 
Eragrostis pect inacea 
Panicum capillar? 
Gnaphalium obtunifoliam 
Jtumcx act loseVa 
A chilli a millefolium 
Daucus carota 


B 

Ttanlhonia ftpicata 
Aristida dichotoma 
Solulago nemoralis 


C 

Andropogon virgin levs 
Andropogon scop arias 
Tridens flaws 


2. Abandoned grain field (corn, wheat, or oats) followed by: 


A 

Digitaria sanrfuinalis 
Ambrosia t labor 
Ech i nochtoa Crus-galli 
Setaria rindis 
Sdaria lulesccns 
Solan m in carotinense 


B 

Aster ericttides 
var. riUosus 
Erigtron ramosus 
Erigt ron phdadt Iphinis 
A poegn u m ca n no b in u m 
Convolvulus arvt ns is 


C 

Solidago w < mo ralis 
Aster ericonics 
var. villosus 
Smdax glauca 
Pub us villosus 


In addition to the species listed in the above successions and the scattered 
specimens such as w r ere listed for the original prairies, the following her¬ 
baceous plants frequently occur in these disturbed areas. 


Acaltipi'a gracilcns 
A cahfpha virgmica 
Agrostis alba 

A??Unnaria plantaginifolia 
Aster Shortii 

Chrgsan thcmum Leucanthc mum 
Cirsium lanceolafum 
Dianthus Armeria 
Vipsants si/lvcstris 
Draba vvrna 
Echivm vulgarc 
Ifrdroma pulcgioidcs 
Ilieracium scabrvm 
Houstonia ciliolala 
Houstonia longifolia 
Hgptricum punctaium 
Lactuca canadensis 


Lactuca scarwla 
Pin an a vulgaris 
Lobdia inflala 
hijsimachia te rrcstris 
ranicum latifolium 
Phgsalis heterophglla 
Plant ago arista fa 
Plantago lanceolate 
Plant ago major 
poa comprrssa 
Prcnanthcs alUssima 
Prunella vulgaris 
Sericocarpus asteroides 
Solidago jnncca 
Son oh us as per 
Sonchus olcraccus 
Verbascum thapsus 
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Fia. 5. A. A dry prairie area corn field within the plateau five years after abandon¬ 
ment. Gallia Count)* B. Fifty years ago this dry prairie area was a corn field. Meigs 
County. 
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The preceding grasses and forbs, however, seldom dominate these dry 
prairie areas for long. Usually in about five years, clumps of j Rub us allegheni- 
ensis and scattered sprouts and seedlings of some of the following trees and 
shrubs begin to appear in various combinations.* 


Car if a cor diform is 
Cary a glabra 
Cary a microoar pa 
Varya ovata 
Cercis canadensis 
Corylus americana 
Crataegus sp. 

I)iospyros virgxn iana 
Vraxinus amt Tirana 
Liriodcndron tuHptfrra 
Nyssa sylrat ica 
I*i tins celt mat a 


Pin us rigida 
Pin us virgin iana 
Prun us scrotina 
Qncrcus coorinra 
Quercus stvllata 
Quercus vein Una 
Wins copal! in a 
Kbits glabra 
liobtnia pseudo-acacia 
Sasxaf ras variifoliurn 
Ulmus americana 
limns fidva 


When these trees and shrubs begin to form closed associations, ihe grasses 
and forbs lose dominance rapidly, and in a few years the area which was once 
occupied by a secondary prairie becomes dominated by mixed deciduous or 
mixed deciduous-southern pine associations. 

Tims man has played diverse roles in relation to the prairies of Ohio. 
In some parts of the state lie lias destroyed or greatly altered the existing 
vegetation of these areas. In others he has been the indirect cause of secon¬ 
dary prairies, prairies which frequently exist for only a few years and are 
then succeeded by the invading forest. 

Department of Botany, Ohio State University 
Columbus, Ohio 
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EFFECT OF DIFFERENT CONCENTRATIONS OF SYNTHETIC 
AUXINS ON DECAPITATED SUNFLOWER STEMS 

Sally Kelly 

The object of the following work was to determine the concentrations at 
which synthetic auxins were effective in inducing gall formation, cpinasty, 
and bud inhibition on decapitated sunflower stems. Using the same test plant, 
Gustafson (4) found that one per cent mixtures in lanolin of indoleacetic, 
indolebutyrie, and phenylacetic acids caused galls at the point of applica¬ 
tion, and all but the latter inhibited the growth of lateral buds. Blum (2), 
applying 0.2 per cent solutions in lanolin of indoleacetic, indolebutyrie, 
indolepropionic, naphthaleneacetic, and phenylacetic acids to decapitated 
sunflower stems, also found that all substances tested caused galls; all but 
indolepropionic and phenylacetic acids inhibited lateral bud development, 
and all but phenylacetic acid produced epinasty. These authors did not 
attempt to determine threshold concentrations required to produce the 
observed effects. 

METHODS 

Seeds of Helianthus annims L. were planted in river sand contained in 
separate pots and watered biweekly with a full nutrient solution. After seven 
weeks' growth, the plants were decapitated about one inch above the second 
node. Twelve plants were used per concentration. Controls consisted of both 
decapitated and undecapitated plants. Plain lanolin was applied to the 
stump of the decapitated controls. The plants tested with indoleacetic (I A A) 
and indolebutyrie (IBA) acids were planted October 18. Indolepropionic 
(IPA), phenylacetic (PAA), and naphthaleneacetic acid (XAA) treated 
plants were planted April 1. The auxins were dissolved in anhydrous lanolin 
and smeared over the entire cut surface of the stumps in approximately 
equal dosages. Four applications were made at five-day intervals, the previ¬ 
ous lanolin applications being removed al the time of the new application. 
Between applications the compounds were stored at 2° 0. The effective con¬ 
centration range for each substance was determined in preliminary experi¬ 
ments. The final concentrations used are shown in table 1. 


RESrLTS 

Bud Inhibition. In figure 1 are summarized the data obtained on the 
effect of auxins on inhibition of lateral bud growth. After three weeks, 
growth of lateral buds of plants treated with the highest concentrations of 
NAA and IBA was completely inhibited, w’hereas the lateral buds of those 
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TABLE 1. Concentrations of synthetic auxins 9 - applied in lanolin to decapitated 

sunflower stems 


Per cent concentration in lanolin 


IAA 

IBA 

NAA 

PAA 

IPA 

0.004 

0.002 

0.002 

o.i n 

0.008 

0.012 

0.006 

0.006 

0.333 

0.024 

0.037 

0.018 

0.018 

1.0 

0 074 

o.m 

0.056 

0.056 

5,0 

0.222 

0.333 

0.167 

0.167 

10.0 

0.667 

1,0 

0.5 

0.5 

15.0 

2.0 

3.0 

1.5 

1.5 

20.0 

6.0 

a All compounds wore obtained 
and Company. 

from the Dow 

Chemical Company, or 

from Merck 


treated with the highest concentrations of the other auxins were only par¬ 
tially inhibited. The data indicate that (a) threshold concentrations of the 
various auxins differ; and (b) the relative activities of the various auxins 
differ according to whether they are compared at concentrations required to 
produce threshold response (15 to 20 per cent of plants with bud inhibi¬ 
tion) or 50 per cent response. Thus, for TBA, NAA, IAA, 1PA, and PAA, 
threshold responses were obtained at 0.002, 0.002, 0.005, 0.024, and 5.0 per 
cent, respectively. Concentrations necessary to produce 50 per cent inhibi¬ 
tion were 0.018, 0.004, 0.0311, 2.0, and 10.0 per cent, respectively. 

Gall Formation. Gall formation occurred in 100 per cent of the plants 
(at the point where auxin was applied) when those were treated with high 
concentrations of the substances (fig. 3). The highest concentrations of 1AA 
and IBA (table 1) produced browning and shriveling of the stem at the point 
of application, and concentrations of 10 per cent or more of PAA destroyed 
the tissues completely. The largest galls were produced by the following : 
IAA at 1.0 per cent, IBA at 1.5, IPA at 2.0, NAA at 1.5, and PAA at 5.0 per 
cent. Galls resulting from IPA and IAA applications were the largest of all 
Concentrations necessary to produce threshold responses (15 to 20 per cent 
of plants with detectable galls) were found to be of approximately the same 
order for IAA, IBA, and IPA, approximately ten times greater for NAA, 
and thirty-five times greater for PAA. With certain concentrations of IAA, 
IPA, and PAA, galls developed on individual plants, even though lateral 
bud growth w*as not inhibited in these same plants. Thus the concentrations 
in which auxins are effective in producing galls do not always correspond to 

Explanation of figures 1-3 

Figs. 1-3. Comparative eiject of varying concentrations of synthetic auxins on burl 
inhibition, epinasty, and gall formation in sunflower. Concentrations hto plotted on a 
logarithmic scale for the sole purpose of getting so wide a range into a single figme. 
Fig. 1. Bud inhibition, 3 tveeks after first treatment. Fig. 2. Epinnstie responses, ten 
days after first treatment. Fig. 3. (rail formation, 3 weeks after first treatment. 
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those producing bud inhibition. In the lower concentrations IPA is relatively 
more effective in producing galls than in inhibiting lateral buds,* on the 
other hand, NAA is more effective in producing bud inhibition than galls. 

Stem thickening occurred below the second node in plants treated with 
the high concentrations of NAA. 

Epinasty* Plants receiving the highest concentration of each substance 
gave epinastie responses within from one to five days after the first appli¬ 
cation. In general, the concentrations necessary to bring about threshold 
epinastie responses, as measured after ten days (fig. 2), were higher than 
those for bud inhibition and gall formation. The relative activities of the 
various auxins are approximately the same whether they are compared at 
concentrations required to produce threshold or 50 per cent responses. This 
is in contrast with bud inhibition effects, where the relative activities of the 
auxins differed at threshold and 50 per cent responses. Epinasty produced 
in plants by higher auxin concentrations was more pronounced than by 
lower concentrations. 


discussion 

* 

* The approximate relative activities of the various auxins are summarized 
in table 2. For ready comparison IAA is arbitrarily assigned a value of 100 

TABLE 2. Approjrunatt relative actmtin* of synthetic auxin s diUrmmeel by com 
jbarison of the concentrations m lanolin u'hich bring about threshold and 50 per cent 
responses. 

In this study concentrations of indoleacetie acid arc arbitrarily assigned a \alue of 
100 for each response. 



Bud inhibition 

Gall 

formation 

Epinasty 

A vena 

Auxin 

Thiesliold 
response (A) 

50 per cent 
response (B) 

A 

B 

A 

B 

curva 

ture a 

Indoleacetic acid 
Indolcbutyric 

100 

100 

100 

100 

100 

100 

100 

acid 

Indolepropionic 

250 

100 

07 

11 

200 

200 

4 

acid 

Naphthal- 

20 

0.9 

50 

110 

50 

34 

0.08»> 

enencetic acid 
Plienylacetic 

250 

450 

r> 

11 

3000 

2400 

18 

acid 

0.1 

02 

2 

3 

o 

o 

0.002b 


a Data from Avery, Bergci, and Shaluclia (1), unless otherwise indicated. 

*>From Went and Thimann (6). 

for both threshold and 50 per cent responses; the relative activities of the 
other auxins are expressed in terms of those of TAA. Thus it may be seen 
that NAA was the most effective substance in producing bud inhibition and 
epinasty, and fAA was the most effective gall former. Gustafson (5) also 
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found NAA to be an effective gall-former on both tomato and sunflower 
plants. In this connection it is interesting to note that Braun and Laskaris 
(3) have reported NAA and IBA tti be more effective than IAA in stimulat¬ 
ing tumor growth on tomato stems previously inoculated with an attenuated 
strain of Pkytomonas ixmefaciens. IPA was the least active indole compound 
producing bud inhibition and epinasty in this study, and it is also known 
to be the weakest in producing Arena curvature. It is about as active in gall 
formation as the other indole compounds. Gustafson (5) found no such 
gall-forming activity for IPA in his tests. PAA, which at 1 per cent concen¬ 
tration failed to cause hud inhibition in Gustafson’s work, was found to 
inhibit buds at concentrations of 5 per cent and higher. In all responses 
measured it is less active than the other auxins. 

The data obtained in this study confirm and extend the general conclu¬ 
sion in the literature, uamelv, that the relative effectiveness of different 
auxins varies according to the type of response which is measured, even on 
the same test plant. 

si M MARY 

1. Synthetic auxins dissohed in lanolin and applied to the decapitated 
stumps of sunflowers produced three responses: lateral bud inhibition, gall 
formation, and epinasty. Naphthaleneacetic acid also produced stem thick¬ 
ening below the second node. 

2. The concentrations necessary to bring about gall formation and bud 
inhibition were lower, in general, than those necessary to produce epinasty, 
when measured ten days after the first application. 

3. At threshold concentrations, naphthaleneacetic acid (0.002 and 0.006 
per cent) was most effective in producing bud inhibition and epinasty,' and 
imloleaeetio acid (0.004 per cent) was the most effective gall-former. As com¬ 
pared with NAA, IBA was less effective in inhibiting lateral buds and more 
effective in producing galls. Indolcpropionie acid produced large galls but 
was not especially effective in producing the other two responses. Except in 
higher concentrations, phonylaeetie acid was ineffective in producing bud 
inhibition and epinasty; 0.3 per cent produced galls, but concentrations of 
10 per cent and higher destroyed the plant tissues. 

Connecticut College 

New London, Connecticut 
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THOMAS JEFFERSON 

HIS INTEREST IN PLANT LIFE AS REVEALED IN HIS WRITINGS*—I 

Edmund H. Fulling 

The amazing versatility of Thomas Jefferson has been much extolled 
by his biographers, and numerous have been the eulogies inspired by it. 
As a politieal philosopher of the early American republic, Jefferson will 
always stand preeminent, and to him in the future there will be attributed, 
as in years gone by, many a political concept that seeks the.authority of 
great men become venerable through their wisdom and the passage of time. 
In other fields of intellectual endeavor lie was scarcely less astute, and in 
his grasp of great principles and simultaneous devotion to details, he dis¬ 
played an “exquisite mind, which was both telescopic and microscopic in 
its range and operations” (7). 

It is because of this amazing versatility, encompassing many fields of 
science, particularly an enduring interest in plant life, that another con¬ 
tribution is here offered to the already voluminous literature upon the life 
of this great statesman. Most previous biographical sketches of Jefferson 
have at least recognized his life-long concern with agriculture, and a few 
have emphasized his broader interests in plants. Among the latter are ac¬ 
counts of his relation to botany (27), of bis gardening activities (4, 28) and, 
most recently, of his relation to all sciences of his time, including agricul¬ 
ture, botany and horticulture (6). 1 Despite these excellent treatises there is 
in his writings evidence of still greater interest in the vegetable world than 
lias so far been recognized, other than by cursory allusion. It is the purpose 
of the present study to unite, in some measure, these hitherto unemphasized 
discourses of Jefferson with those which have already been revealed, and 
thus to provide in botanical literature a more inclusive account of Jefferson’s 
role as agriculturist, botanist, and gardener. 

Considered thus in their entirety, Jefferson’s writings on plants give us 
not only a better understanding of the man himself but also an assemblage 
of data possessing historical value from purely agricultural and botanical 
standpoints. This is particularly true with respect to plants of economic 
value. Jefferson’s interest in all branches of science was primarily utili¬ 
tarian, and the introduction of useful plants as well as improved agricul- 

* Prepared in partial fulfillment of an Act of Congress to commemorate the two hun¬ 
dredth anniversary of the birth of Jefferson. 

1 This scholarly article was published as a “prereprint ’ ’ shortly after the present 
study was begun. In a large measure, it considers phases of Jefferson ? s interests previ¬ 
ously recorded only in his own writings, and unavoidably mentioned again and even cited 
in the present account. 
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tnra) practices 'Were constant concerns of his. Nevertheless, the present con¬ 
tribution is essentially biographical; its principal objective is to reveal 
something of the personality of a great man as his phenomenal mentality 
penetrated i&to nearly every branch of human knowledge. 

To that end, impersonal paraphrasing of his writings is deliberately 
avoided; instead, abundant quotations from his works are cited. It is only 
through such quotations and not by the words of another author in feeble 
attempts to describe them that a reader may secure his own realistic im¬ 
pressions of one unknown to him personally, and not merely the impressions 
of a eulogistic biographer. Furthermore, there are so many ini cresting de¬ 
tail in the writings of a man like Jefferson, that any one attempting to 
embody them accurately in a new rendition inevitably must resort to cita¬ 
tions. Ample evidence is at hand that others, too, have come to this con¬ 
clusion, for there have already been published various compilations of choice 
selections from his writings on a variety of topics, including agriculture, 
a comprehensive two-volume assemblage of which will appear shortly under 
Government imprint. 

Jefferson was a phenomenally prolific writer, not of “books” or of 
articles for publication—lie strictly adhered to a policy of never writing 
for the “press”—but of letters, 40,000 pieces of which in 236 volumes re¬ 
pose today among his manuscripts in the Library of Congress, with an 
additional 10,000 in 67 volumes in the library of the Massachusetts His¬ 
torical Society (2). Other papers are in the custody of the Huntington 
Library, San Merino, California; the Pennsylvania Historical Society; the 
Missouri Historical Society; and the Cuiversity of Virginia. Some 325 letters 
of this voluminous correspondence deal with agricultural matters. When 
it is borne in mind that this prodigious personal correspondence was carried 
on in longhand and that Jefferson preserved a duplicate of most of it, made 
by means of moistened paper or an ingenious polygraph of his own design 
,and construction, one marvels, to say the least, at the astounding industry 
of the man. 

A major portion of this correspondence has been published in three large 
works, one of nine (11), another of ten (12) and the third of 20 volumes 
(13), none of'which has been regarded as wholly satisfactory, either quanti¬ 
tatively or qualitatively. To remedy this situation there is now in prepara¬ 
tion ** definitive edition of the papers of Thomas Jefferson, to include not 
only all his available writings but also all preserved letters written to him, 
and to comprise some 50 volumes. It is under the editorship of Julian Boyd, 
historian and librarian of Princeton University, and will be published by 
the Princeton University Press. Some idea of the enormous variety of topics 
which this monumeat&Uwork will cover may be gained from the cyclopedia 
of 1900 founded upon the ten-volume edition; that compendium assembles 
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quotations from Jefferson’s writings under 9,228 headings (16). One won¬ 
ders, indeed, what the index to the contemplated 50 volumes will offer by 
way of subject matter. The present paper is based almost wholly on the 
20-volume edition, whence almost all the quotations given have been 
extracted. 

In addition to the many references to plant life in his correspondence, 
Jefferson left for posterity among his meticulously kept account books, two 
detailed records which also are of great interest to us, his “Farm Book” and 
his “Garden Book.” The former was begun in 1774 and continued until 
1822; the latter,' started in 1766 and continued, except during hit* absence, 
until 1824. Both of them have hitherto been only in manuscript form. This 
year, however, the American Philosophical Society, of which Jefferson at 
one time was president, has published an annotated edition of the “Garden 
Book” under the editorship of Professor K. M. Betts of the l T ui versify of 
Virginia, who has been instrumental in the restoration of Jefferson’s gar¬ 
dens at Monticello; anil the “Farm Book” may be included in the contem¬ 
plated Government edition of all Jefferson’s agricultural writings, already 
referred to. 


I. AGRICULTURE 

INTRODUCTION 

Thomas Jefferson was a member of the landed gentry in colonial Vir¬ 
ginia. in tlu* days when young America was still primarily an agricultural 
country. Bv inheritance of more than 2,000 acres from his father and by 
subsequent purchases of his own, he became the proprietor, by 1794 and at 
the age of 51, of 10,647 acres. This area, according to his “Farm Book,” 
consisted of 15 parcels of land, several of which made up his Albemarle 
estate of 5.591 'i acres wherein was included his ihvn famous home of Monti¬ 
cello, on a mountaintop overlooking and about three miles from the town 
of Charlottesville. Less than 1,200 acres of this Albemarle holding was ever 
cleared of trees and put under cultivation, and on another parcel, of more 
than 4,000 acres, known as Poplar Forest, only about 800 acres came under 
the axe. One of the smallest parcels, of only 157 acres, was in wilderness 
and contained what today is one of the “shrines” of America and at which 
Jefferson long hoped to build a retreat for himself—the Natural Bridge 
of Virginia. 

That Jefferson’s heart and soul were always in Monticello and the sur¬ 
rounding country and that his 40 years 2 in statecraft were but an interlude 
in his preferred preoccupations with his farms and garden, is attested by 
many references in his correspondence to the day when he might return to 

2 From liis election to the House of Burgesses of the Polony of Virginia in 17(>9 to his 
retirement from the Presidency in 1809. 
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them. He began construction on Monticello in 1770, managed his farms for 
14 years, and in 1784, after the turmoil of the Revolution, was sent to 
Europe with Franklin and Adams to negotiate commercial treaties with 
European powers. The next year he succeeded Franklin as American rep¬ 
resentative to France, and did not return to America until 1789. During 
the intervening years, while residing in Paris, he accommodated himself 
to the pomp and circumstance of a regal court, serving his country but ever 
thinking of his Albemarle estate. Four years before the termination of his 
tenure in that office he confessed to a French acquaintance: 

“1 am savage enough to prefer the woods, the wilds, and the indepen¬ 
dence of Monticello, to all the brilliant pleasures of this gay Capital. T shall, 
therefore, rejoin myself to my native country, with new attachments, and 
with exaggerated esteem for its advantages; for though there is less wealth 
there, there is more freedom, more ease, and less misery”* 

Upon his return to America, four years later, Jefferson entered Washing¬ 
ton's cabinet as the first American Secretary of State but retired from that 
position the last day of 1793. In 1794 lie returned to Monticello ami gave 
vent to his feelings when he wrote to Washington: 

“I return to farming with an ardor which T scarcely knew in m\ youth, 
and which has got the better entirely of my love of study. Instead of writing 
ten or twelve letters a day, which 1 have been in the habit of doing as a 
thing in course, I put off answering my letters now, farmer-like, till a rainy 
day, and then find them sometimes postponed by other necessary occu¬ 
pations." 1 

The next year, in writing to James Madison about his broken down 
health of the last eight months, he wrote on 

*'above all things, the delights J feel in the society of my family, ami in the 
agricultural pursuits in which 1 am so eagerly engaged.""’ 

It was not many years, however, before his public services were again 
demanded by his country, this time as President of the United States. That 
his interest in agricultural matters never slackened during the eight years 
in that office is attested in several ways, perhaps the most interesting of 
which is his faithful formulation during all those years of a chart which 
showed the average earliest and latest dates of appearance in the Washing¬ 
ton market of 36 varieties of vegetables. From this table we learn that 
Washingtonians of those days were supplied at various times during the 
year with 

artichokes broccoli cauliflower 

asparagus cabbage celery 

beets carrots corn 

Letter to Baron Geismer, September 6, 1785 (13, V, 137 ). 

* Letter to George Wellington, April 25, 1794 (13, TX, 283 ). 

s Letter to James Madison, April 27, 1795 (13, IX, 301 ). 
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cress 

mushrooms 

sorrel 

cucumbers 

parsley 

spinach 

currants 

parsnips 

sprouts 

eggplant 

peas 

squash 

endive 

potatoes 

strawberries 

grapes 

radishes 

tomatoes 

lettuce 

raspberries 

turnips 

lima beans 

salsifia 

watermelon 

melons 

snaps 

Windsor beans 


Two of Jefferson % biographers have reproduced this chart in their 
works (6, 24), and one of them, especially impressed by his devotion to 
details and ability to detach himself from the weighty matters of State, was 
induced to comment (24) : “To think of a leader of a great civil revolution— 
the founder of a new party and creed—the statesman engaged in the press¬ 
ing cares of a nation—watching with a green-grocer’s assiduity, and record¬ 
ing with more than a green-grocer’s precision, the first and last appearance 
of radishes, squashes, cabbages, and cauliflowers in the market—suggests a 
curious train of reflections.” 

it would be unfortunate, indeed, were Jefferson’s formulation of that 
chart to do no more than “suggest a curious train of reflections”; it should 
serve, rather, as a precept to be emulated of unswerving interest despite 
the more urgent cares, faithfully discharged, which interrupted his devotion 
to a chosen avocation. 

In 1808, when about to retire from those cares, we again find Jefferson 
longing for Montieello when lie wrote to Chancellor Livingston, the eminent 
jurist and statesman, thanking him for certain volumes of Agricultural 
Proceedings and mentioning receipt of other proceedings from the Agri¬ 
cultural Society of Paris: 

“Writings on this subject are peculiarly pleasing to me, for, as they 
tell us, we are sprung from the earth, so to that we naturally return. It is 
now among my most fervant longings to be on my farm, which, with a garden 
and fruitery, will constitute my principal occupation in retirement.” 6 

And after consummation of this longing he wrote to an old classmate: 

“1 have withdrawn myself from all political intermeddlings, to indulge 
the evening of my life with what have been the passions of every portion 
of it, books, science, my farms, my family and friends.” 7 

Agricultural pursuits were thus not merely incidental events in Jeffer¬ 
son’s life; together with other phases of natural science, physics, chemistry, 
mechanics, and what not else, they ranked foremost in his thoughts, and 
earned for him the rather substantial income for those days of about $2,000 
per year. In company with Washington and others, he was one of the most 

“ Letter to R. R. Livingston, January 3, 1808 (13, XT, ill). 

7 Letter to James Maury, April 25, 1812 (13, XITE, Ul). 
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progressive farmers of his lime, so far as seeking improvements in tech¬ 
niques and crops was concerned, though not the most successful in yields 
obtained. To his farming practices he applied, with whatever modifications 
seemed necessary, the teachings of recognized agricultural authorities, and 
toward this end, we are told, he had in his extensive library, 78 volumes 
upon agriculture, 48 of which were in English, 24 in French, five in Italian 
and one in Latin (6). 8 

The details of these activities, minutely recorded in his 44 Farm Book,” 
are obviously beyond consideration in a paper of the present size. Certain 
generalities, however, must not be overlooked in any treatment of the sub¬ 
ject, and these will now be noted. 

AGRICULTURAL ACTIVITIES AT MONTICELLO 

Tobacco, Corn, and Wheat. For a great many years after the founding 
of Virginia by the first permanent English settlement at Jamestown in 
1607, tobaeeo was the most important staple crop of the colonists, even the 
principal medium of currency at one period, and its culture was undertaken 
by practically every landowner, large and small. It long constituted the most 
valuable export of all the colonies, and from 1744 to 1776 the amounts 
shipped abroad averaged about 40,000,000 pounds per year. Jefferson, as a 
plantation owner, contributed to this production in the early days of Monti- 
cello, where at one time he was called master by 154 slaves. Tobacco was an 
important source of revenue to those who raised it, and on one occasion, at 
least, Jefferson expected to realize £50 sterling per hogshead on his produce.*' 

The usual routine of growing it in those days was to remove the forest 
from ,virgin land, to plant the weed for five* successive years, and then to 
let the land lie fallow for a season or more, followed by a repetition of this 
sequence until the crop raised no longer was remunerative. Rotation of crops 
was generally not practiced, and manuring the land was out of the question 
to restore its pristine fertility after so wantonly destroying it by this 
barbaric spoliation ; it was cheaper to buv new laud, to clear it and to extend 
the ravaging husbandry. 

There were a few thoughtful farmers, however, among them Washington 
and Jefferson, who condemned this exploitation and were quick to recog¬ 
nize that the heyday of Virginia tobacco was gradually fading after tin* 
three-quarter mark of the century. The market price was falling, cheaper 

8 Though the inclusion of these volumes in Jefferson’s library indicates his interest in 
plant life as well as do other phases of his activities, they will not be enumerated or fm 
ther discussed here because they are not among his writings. For an interesting com* 
mentary upon them, the reader is referred to Dr. Brown’s article (6). It must be men¬ 
tioned, however, that Jefferson’s library, purchased by Congress in 1815, became the 
nucleus of the present Library of Congress after the original was burned. 

* Letter to Thomas Adams, February 20, 1771 (13, IV, 22f>). 
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lands had to be sought elsewhere, and long before he returned to Monticello 
in 1794 Jefferson abandoned cultivation of the exhausting weed on his 
Albemarle estate. Tn his ‘‘Notes on the state of Virginia/’ published ten 
years earlier in Paris, he remarked : 

“Tn the year 1758 we exported seventy thousand hogsheads of tobacco, 
which was the greatest quantity ever produced in this country in one year. 
But its culture was fast declining at the commencement of this war 10 and that 
of wheat taken its place; and it must continue to decline on the return of 
peace. I suspect that the change in the temperature of our climate has be¬ 
come sensible to that plant, which to be good, requires an extraordinary 
degree of heat. But it requires still more indispensably an uncommon fer¬ 
tility of soil; and the price which it commands at market will not enable 
the planter to produ e this by manure. Was the supply still to depend on 
Virginia and Maryland alone as its culture becomes more difficult, the price 
would rise so as to enable the planter to surmount those difficulties and to 
live. But the western country on the Mississippi, and the midlands of 
Georgia, having fresh and fertile lands in abundance, and a hotter sun, will 
be able to undersell these two States and will oblige them to abandon the 
raising of tobacco altogether. And a happy obligation for them it will he. 
It is a culture productive of infinite wretchedness. Those employed in it are 
in a continual state of exertion beyond the power of nature to support. 
Little food of iny kind is raised by them; so that the men and animals on 
these farms are badly fed, and the earth is rapidly impoverished/” 1 

Tn lieu of tobacco Jefferson advocated that 

“The cultivation of wheat is the reverse in every circumstance. Besides 
clothing the earth with herbage and preserving its fertility, it feeds the 
laborers plentifully, requires from them only a moderate toil except in the 
season of harvest, raises great numbers of animals for food and service, and 
diffuses plenty and happiness among the whole. We find it easier to make 
an hundred bushels of wheat than a thousand weight of tobacco and they are 
worth more when made.” 11 

This substitution of crops did not, however, preserve the fertility of his 
lands, for during his ten years’ absence from Montieello his overseers prac¬ 
ticed a rotation which exhausted the soil probably more though less rapidly 
than did tobacco. They sowed wheat and maize in alternate years in the 
virgin soil of newly cleared land between the stumps of felled trees, and 
repeated this rotation so long as they could get five bushels of wheat or ten 
bushels of corn per acre. This system was followed probably under the influ¬ 
ence of John Taylor, an exceptionally good farmer of Caroline County, Vir¬ 
ginia, “whose bountiful crops bore witness to the merits of his teachings.” 
Taylor argued strongly in favor of maize as the alternate crop in preference 
to the English dependence on turnips, peas and potatoes. After the yield 
of wheat or Indian corn no longer was remunerative, the land was aban- 

’"Win - Itohvppn France and England. 

ii OH. Tl, >J1). 



570 


BULLETIN OF THE TORREY CLUB 


IVol. 71 


cloned and new areas cleared for similar exploitation; all of which offered 
little improvement over the previous era of tobacco culture. 

Jefferson was Secretary of State at this time, keeping ail eye on his de¬ 
clining farms as best he could, and attempting to remedy matters by en¬ 
gaging proper overseers. Two years before returning to Monticello he hired 
one Samuel Biddle as superintendent, who was willing to undertake the job 
for $120 per year, wages which were a good deal higher than Jefferson ex¬ 
pected to pay. In his instructions to Biddle, Jefferson furnished us some 
particulars when he wrote to him that 

“The farm is of about five or six hundred acres of cleared land, very 
hilly, originally as rieh as any highlands in the world but much worried by 
Indian corn & tobacco. It is still however very strong, & remarkably friendly 
to wheat & rye. These will be my first object. Next will be grasses, . . . & 
the introduction of potatoes for the use of the farm, instead of Indian corn, 
in as great a degree as possible. ... I have long banished tobacco, & wish 
to do the same by Indian corn in a great degree.” 12 

At the same time Jefferson had an area of 2,000 acres which he wanted 
to rent in parcels of not Jess than 200 acres at 25^ per acre, but always with 
restrictions against growing too much Indian corn. On this point he wrote 
in his “Farm Book,” under the heading “Tenants”: 

“Tie them up to some rotation of crops which shall include ameliorating 
years to counterbalance at least the exhausting ones,” 

and to Mr. Freeman, in charge of Monticello, he wrote with respect to one 
lessor: 

“1 understand this tenant has tended the same ground in corn both the 
years he has lived on it. He must therefore go off unless he will put the whole 
of it into wheat now, or oats in the spring. Tf he does not, w r e must put it in 
O&ts in the spring . . .” (24). 

President Washington, at this time, was in correspondence with the 
eminent English agricultural writer, Arthur Young, concerning problems 
of his own. Jefferson appears to have shared in the exchange of letters, and 
in commenting to the President upon some of Young’s recommendations, he 
indicates the contemplated changes in agricultural practice which he soon 
adopted: 

“Good husbandry with us consists in abandoning Indian corn and to¬ 
bacco, tending small grain, some red clover following, and endeavoring to 
have, while the lands are at rest, a spontaneous cover of white clover. I do 
not present this as a culture judicious in itself, but as good in comparison 
with what most people there pursue. Mr. Young has never had an oppor¬ 
tunity to see how slowly the fertility of the original soil is exhausted. With 
moderate management of it, I can affirm that the James river low’grounds 
with the cultivation of small grains, will never be exhausted; because we 

12 Letter to HamueJ Biddle, December 12, 1792 (13, XVIII, 1S9). 
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know that under that cultivation we must now and then take them down 
with Indian corn, or they become, as they were originally, too rich to bring 
wheat. The highlands, where 1 live, have been cultivated about sixty years. 
The culture was tobacco and Indian corn as long as they would bring enough 
to pay the labor. Then they were turned out. After four or five years rest 
they would bring good corn again, and in double that time perhaps good 
tobacco. Then they would be exhausted by a second series of tobacco and 
corn. Latterly we have begun to cultivate small grain; and excluding Indian 
corn, and following, such of them as were originally good, soon rise up to 
fifteen or twenty bushels the aero. ... I moan in a farm of about 500 acres 
of cleared land and with a dozen laborers to try the plan of wheat, rye, 
potatoes, clover, with a mixture of some Indian corn with the pota¬ 
toes. . . . ,,n 

About a year late**, in again writing to Washington about the depleted 
state of his farms, he was induced by further inspection of them to exclaim: 

‘‘Ten years’ abandonment of them to the ravages of overseers, has 
brought on them a degree of degradation far beyond what I had expected.” 14 

Jefferson’s Rotation of Crops as a Final Effort to Restore the Depleted 
Fertility of His Soil. In a final effort to rescue his land from utter destruc¬ 
tion as a result of incompetent management during his absence abroad, 
Jefferson adopted a new plan of crop rotation in 1794 when lie returned to 
Monticello. He divided the 1,120 acres under cultivation into four*farms of 
280 acres each, and each farm into seven tields of 40 acres, marking the 
boundaries by rows of peach trees, of which he set out 1,151 that first year. 
The seven fields indicated the basic nature of the new system, a seven-year 
rotation, and each farm, under its own overseer, was cultivated by four 
negroes, four negresses, four horses and four oxen. The precise sequence of 
crops which Jefferson followed in this new scheme apparently varied some¬ 
what, for the many references to it in his correspondence indicate changes 
from year to year. As related to John Taylor, the agricultural authority of 
the time, it was as follows: first year—wheat, followed that same year by 
turnips to be fed to the sheep; second year--corn and potatoes in alternate 
rows, followed in autumn by winter vetch to be used in the spring as fodder, 
if so wanted, or to be turned in ; third year— peas or potatoes, or both, accord¬ 
ing to the quality of the field; fourth year—rye or wheat with clover; fifth 

and sixth years—clover, turned in the autumn of the latter and followed by 
vetch; seventh year—the vetch plowed under in the spring, buckwheat sown 
and turned in later, followed by autumn wheat to begin the cycle again, 

Jefferson’s agricultural correspondence contains abundant references to 
this system of rotation, to its modifications, its merits and its results. It is in 
that same letter to Taylor, however, that we find perhaps the best expression 
of his concern with it and of his understanding in the matter: 

1,4 Letter to George Washington, June 28, 1793 (13, IX, 7J.9). 

11 Letter to George Washington, May 14, 1794 (13, IX, J$6). 
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“And though I observe your strictures on rotations of crops, yet it 
appears that in this 1 differ from you only in words. You keep half your 
lands in culture, the other half at nurse; so I propose to do. Your scheme 
indeed requires only four years and mine six; but the proportion of labor 
and rest is the same. My years of rest, however, are employed, two of them 
in producing clover, yours in volunteer herbage. But 1 still understand it 
to be your opinion that clover is best where lands will produce them. Indeed 
I think that the important improvement for which the world is indebted to 
Young is the substitution of clover crops instead of unproductive fallows; and 
the demonstration that lands are more enriched by clover than by volunteer 
herbage or fallows; and the clover crops are highly valuable. That our red 
lauds which are still in tolerable heart will produce fine clover 1 know from 
the experience of the last year; and indeed that of my neighbors had estab¬ 
lished the fact. And from observations on accidental plants in the fields 
which have been considerably harrassed with corn, I believe that even these 
will produce clover fit for soiling of animals green. I think, therefore, I can 
count on the success of that improver. My third year of rest will be devoted 
to cowpenning, and to a trial of the buckwheat dressing. A further progress 
in surveying my open arable lands lias shewn me that 1 can have seven fields 
in each of my farms where 1 expected only six; consequently that l can add 
more to the portion of rest and ameliorating crops. I have doubted on a 
question on which I am sure you can advise me well, whether I had better 
give this newly acquired year as an addition to the continuance of my clover, 
or throw it with some improving crop between two of my crops of grain, as 
for instance between my corn and rye. I strongly incline to the latter, because 
I am not satisfied that one cleansing crop in seven years will be sufficient; 
and indeed I think it important to separate my exhausting crops by alter¬ 
nations of ameliorators. With this view I think to try an experiment of what 
Judge Parker informs me he practices. That is, to turn in iny wiieat stubble 
the instant the grain is off, and sow turnips to be fed out by the sheep. But 
whether this will answer in our fields which are harrassed, 1 do not know'. 
We have been in the habit of sowing only our freshest lands in turnips, hence 
a presumption that wearied lands will not bring them. But Young’s making 
turnips to be fed on by sheep the basis of his improvement of poor lands, 
affords evidence that though they may not bring great crops, they will bring 
them in a sufficient degree to improve the lands. I will try that experiment, 
however, this year, as well as the one of buckwheat. I also attended to another 
improver mentioned by you, the winter vetch, and have taken measures to 
get the seed of it from England, as also of the Siberian vetch which Millar 
greatly commends, and being a biennial might perhaps take the place of 
clover in lands which do not suit that. The winter vetch l suspect may be 
advantageously thrown in between crops, as it gives a choice to use it as 
green feed in the spring if fodder be run short, or to turn it in as green¬ 
dressing. 

I am for throwing the whole foree of my husbandry on the wheat-field, 
because it i$ the only one which is to go to market to produce money. Perhaps 
the clover may bring in something in the form of stock. The other fields are 
merely for the consumption of the farm. Melilot, mentioned by you, I never 
heard of! The horse bean T tried this last year. It turned out nothing. The 
President has tried ft without success. An old English farmer of the name of 
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Spuryear, settled in Delaware, has tried it there with good success; but he 
told rue it would not do without being well shaded, and I think lie planted 
it among his corn for that reason. But he acknowledged our pea was as good 
an ameliorator and a more valuable pulse, as being food for man as well as 
horse. The succory is what Young calls Chicoria Intubus. He sent some seed 
to the President, who gave me some, and I gave it to my neighbors to keep 
up till 1 should come home. One of them has cultivated it with great success, 
is very fond of it, and gave me some seed -which 1 sowed last spring. Though 
the summer was favorable it name on slowly at first, but by autumn became 
large and strong. It did not seed that year, but w ill the next, and you shall 
be furnished with seed. I suspect it requires rich ground, and then produces 
a heavy crop for green feed for horses and cattle. 1 had poor success with my 
potatoes last year, not having made more than 60 or 70 bushels to the acre. 
But my neighbors having made good crops, 1 am not disheartened. The first 
step towards the recovery of our lands is to find substitutes for corn and 
bacon. I count on potatoes, clover, and sheep. The two former to feed every 
animal on the farm except my negroes, and the latter to feed them, diversi¬ 
fied with rations of salted fish and molasses, both of them wholesome, agree¬ 
able, and cheap articles of food.” 

.After discussing the possibilities of a ‘‘movable airy cow house, to be set 
up in the middle of the field which is to be dunged,” Jefferson continues; 

“. . . observe that the turnips and two dressings of vetch do not cost a single 
ploughing. The turning the wheat-stubble for the turnips is the fallow for 
the corn of the succeeding year. The first sowing of vetches is on the corn 
las is now' practised for wheat), and the turning it in is the flush-ploughing 
for the crop of potatoes and peas. The second sowing of the vetch is on the 
wdieat fallow', and the turning it in is the ploughing necessary for sowing the 
buclavheat. These three ameliorations, then, will cost but a single harrowing 
each. On the subject of the drilled husbandry, 1 think experience has estab¬ 
lished its preference for some plants, as the turnip, pea, bean, cabbage, corn, 
etc., and that of the broadcast for other plants as all the bread grains and 
grasses, except perhaps lucerne and Saint loin in soils and climates very 
productive of weeds. In dry soils and climates the broadcast is better for 
lucerne and Saint foin, as all the smith of France can testify.” 13 

While Jefferson was thus a pioneer in adopting to America the new' agri¬ 
cultural practices being developed in England, and especially in advocating 
elaborate rotation of crops and use of legumes, he was by no means either the 
only one or the first to do so. Two years earlier, Washington had also adopted 
a seven-year rotation, believing with Jefferson that potatoes improved the 
soil. It was the use of legumes, however, which seems to have been para¬ 
mount in Jefferson’s mind as a means of improving his soil, and several refer¬ 
ences to the plants in his letters reveal his satisfaction with them. From a 
letter to James Madison, for instance, we learn that in 1794 he sowed about 
40 acres to them, 120 acres the next year, and planned to sow 160-200 acres 
yearly thereafter. 1 *’ On another occasion he claimed never to have seen finer 

™ Lott or to John Taylor, Dooombor 29, 1794 (13, XVI11, 

1H Lotter to Jamos Madison, April 27, 1795 (13, IX, J01 ). 
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clover than in some of his fields which had never been previously manured, 
and on which his rotation at the time was triennial: one year of wheat and 
two of clover in the strongest fields, or two of peas in the weaker, with maize 
and potatoes after every other rotation, i.e., once in seven years. 17 

Additional light is shed upon Jefferson's legume husbandry by a letter to 
Washington in which he first defended himself against the attempt of some¬ 
one w T ho * ‘thought it worth his while to try to sow tares between you and me, 
by representing me as still engaged in the bustle of politics, and in turbu¬ 
lence and intrigue against the government. ” Jefferson had laid down as a 
rule for himself never to write a word for the public papers, and he claimed 
in this letter never to have departed therefrom in a single instance. It ap¬ 
pears, however, that something did become public in a publication of the 
time and attributed to him, which he very much resented. Without naming 
the person, he suspected someone who had possessed all his ami Washing¬ 
ton's confidence, but in the copy of the letter which he retained, there uas 
written in the margin, apparently at a later date, the name “(leneral II. 
Lee.” He then continued : 

“Blit enough of this miserable tergiversator, who ought indeed either to 
have been of more truth, or less trusted by his country. 

I put away this disgusting dish of old fragments, and talk to you of my 
peas and clover. As to the latter article, 1 have great encouragement from the 
Friendly nature of our soil. I think 1 have had, both the last and present year, 
as good clover from common grounds, which had several crops of wheat and 
corn without ever having been manured, as I ever saw on the lots around 
Philadelphia. I verily believe that a yield of thirty-four acres . . . has given 
me a ton to the acre at its first cutting this spring. The stalks extended, 
measured three and a half feet long very commonly. Another field, a year 
older, and which yielded as well the last year, lias sensibly fallen off this year. 
My exhausted fields bring a clover not high enough for hay, but I hope to 
make seed from it. Such as these, however, 1 shall hereafter put into peas in 
the broadcast, proposing that one of my sowings of wheat shall be after two 
years of clover, and the other after two years of peas. 1 am trying the white 
boiling pea of Europe (the Albany pea) this ycai, till 1 can get the hog pea 
of England, which is the most productive of all. But the true winter vetch 
is what we want extremely.” 18 

From England and Italy Jefferson received seed of winter veteli and all 
the good kinds of field pea grown in the former country. While he expected 
much from them and promised to send some to Taylor, should they succeed 
with him, he counted a good deal more, he wrote, on the southern cow-pea of 
the United States. 19 Six months later he had occasion to thank some one for 
a box of seed, apparently from abroad, and commented that the peas and 
vetch contained in the consignment were most acceptable. They apparently 

17 Anonymous letter, March 123, 1798 (13, X, 1J). 

i* Letter to George^Waahington, June 19, 1796 (13, IX, JJ.9). 

i» Letter to John Taylot, October 8, 1797 (13, XVIII, J)t). 
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were of a variety already in cultivation in New York, but Jefferson expressed 
fear that the Virginia soil and sun were not suited to them. He wrote that a 
recent acquisition of cow-peas had pretty well supplied the place in his hus¬ 
bandry which he had destined for tiie European field pea. The role of 
legumes in nitrogen fixation was unknown to Jefferson, and this lack of 
knowledge accounts for his writing of the cow-pea that it was a 

“very productive, excellent food for man and beast, awaits without loss our 
leisure for gathering, and shades the ground very closely throughout the 
hottest months of the year. This with the loosening of the soil, I take to be 
the chief means by which the pea improves the soil.”* 20 

While Jefferson thus saved his land from complete ruination through 
uninterrupted cultivation of tobacco and maize, he apparently was always 
willing to return to them should they ever show signs of becoming profitable 
in a rising market, and to Taylor he wrote after four years rehabilitation 
work: 

“The high price of tobacco, which is likely to continue for some time, has 
tempted me to go entirely into that culture, and in the meantime, my farm¬ 
ing schemes are in abeyance, and my farming fields at nurse against the time 
of my resuming them.” 21 

Years later, when his lands had presumably recovered some of their 
former fertility, lie wrote in a rather cheerful vein that the vicinity of Char¬ 
lottesville was excellently adapted to wheat, maize and clover; that garden 
peas, which were then being planted, came to the table about May 12, straw¬ 
berries and (‘berries at about the same time, and asparagus around April 1. 
Artichoke stood the winter without cover, lettuce and endive with a slight 
(‘over. Figs, protected by a little straw*, began to ripen in July ; otherwise, not 
until September. The culture of the neighboring people was of wheat for 
market, of maize, oats, peas and clover for support of the farm. He informed 
his correspondent that it was regarded as good practice to divide a farm into 
three fields, putting one in wheat, half a one in maize, the other half in oats 
or peas, and the third in clover, tending the fields successively in this rota¬ 
tion. The best farmers, such as Mr. Randolph, his son-in-law, got 10 to 20 
bushels of w*heat per acre; the worst, as himself. G to 18. 22 

Other Crops. According to his “Farm Hook,” in 1812 Jefferson culti¬ 
vated at Montieello, 82 kinds of vegetables along with 22 crops and 13 varie¬ 
ties of grass. Each of them, very obviously, cannot be discussed in the limits 
of this article. From his correspondence, however, we learn that at one time 
he attempted to raise flax but found it so injurious to his lands and of such 
scanty reward that he discontinued its cultivation. Hemp, on the other hand, 

2" Anonymous letter, March 23, 1798 (13, X, 11). 

- 1 Letter to John Taylor, November 2<>, 1798 (13, X, 

-- Letter to Jean Batiste Kay, March 2, 1815 (13, XIV, 
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was abundantly productive and, in his estimation, would grow forever on 
the same spot. In endeavoring to produce it, however, he found the breaking 
and beating of it, which was always done by hand, so slow and laborious and 
so much complained of by his laborers, that he gave it up, and purchased and 
manufactured cotton for their shirting. He did, however, devise a way of 
attaching a hemp-break to a threshing machine in an endeavor to revive its 
cultivation. 2 '' 

Grape vines, too, had their place in Jefferson’s program, but by 1822 
when some one made inquiry about a certain kind which Jefferson had, so 
many of the vines had died and others been replaced that he no longer knew 
one from the other. He did say, however, that the Scuppernon wine of North 
Carolina, made from a variety of Fox grape, Vitus vulpina, from the basin 
of the Scuppernon river in that State, proved to him that as good whies 
would some day be made in America as in Europe, 24 

As late as 1916 seeds could still be obtained in Iowa of what w r as vet 
known as the “snake cucumber,” a curiosity not uncommon in the 1860’s 
which attained a length of four to six feet. It was probably with reference 
to this same variety, or a forerunner of* it, that Jefferson, only six months 
before his death, revealed his continued interest not only in untried crops 
but also in the possibilities of plant breeding, when he wrote about his fail¬ 
ing health ami 

“to request further that you w ill procure for me and send in a letter by mail 
half a dozen seeds of these mammoth cucumbers. One of 4 f. 6 i. long, and 
another of 4f.5J should afford so many seeds as to spare a few' to a beggar. 
Altho giants do not always beget giants, yet I should count on their improv¬ 
ing the breed, and this A r egetable being a great favorite of mine, 1 wish to 
/take the chance of an improvement.” 25 

AGRICULTURAL OBSERVATIONS JN EUROPE 

In the spring of 1787, while serving as American Minister in France, 
Jefferson made a rather extensive journey into the southern parts of that 
country and into northwester^ Italy, partly for the purpose of visiting the 
famous watering place of Aix. In his characteristically detailed maimer he 
assembled numerous notes of agricultural practices and of the loeal flora in 
the provinces and towns through which he passed. These accounts, though 
sketchy, provide us today with some interesting observations on conditions 
in France and Italy at the close of the eighteenth century, not only with 
respect to agriculture and related topics, but also regarding the physiogra¬ 
phy of the country, the people and their industries. They cover an amazing 
variety of topics, as did all of Jefferson’s observations, and w t c can readily 

23 lxJtter to George Fleming, December 29, 3815 (13, XIV, 865). 

24 Letter to Hamuel Maverick, May 12, 1822 (15, £70 ). 

2"* Letter to Thomas Worthington, November 29, 1825 (15, JV8). 
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imagine him rolling along the dusty or muddy roads of the country in the 
horse-drawn vehicles of those days, tarrying at wayside inns and subjecting 
their keepers or other townspeople to questioning for information on nearly 
every topic that one might think of. It is in his notes regarding plants, of 
course, that we are particularly interested, and from them we gather the 
following picture. 2 * 

From Hens to Vermanton, in the province of Champagne, which has since 
been subdivided, the plains were in corn and the hills in vineyards. A few 
apple trees dotted the landscape, but there was none of any other kind. In 
Burgundy, one of the oldest viticultural districts of Europe, also subdivided 
since Jefferson's visit, there was more of interest and worthy of noting. All 
the hills were in corn 26 "; there were scattered areas of forest and wood, and, 
more specifically, of broom, 27 whins 28 ami holly, 29 as well as inclosures of 
what Jefferson called quick hedge. In Dijon he found the best round potatoes 
that he had ever seen. 

At the time of his visit in Burgundy, the first week in March, the peasants 
were planting, pruning and sticking their vines. Whenever a new vineyard 
was made the vines were planted in gutters about four feet apart, and as the 
vines advanced the peasants lay them down As the vines put out new shoots, 
they filled ad intermediate spaces, until all trace of order was lost and only 
about one square foot of open soil remained about each plant. They began to 
yield good profits in five or six seasons and lived up to 150 years. Manufac¬ 
ture of the famous Burgundy wines as well as of other kinds in the regions 
through which he passed, and the economics of their production occupied 
much of Jefferson’s attention, but his accounts of those aspects are beyond 
our immediate interest. 

In Beaujolois, another former subdivision of France, Jefferson found 
very little forest, the hillside vineyards inclosed in dry stone walls ami the 
plains in fields of corn. The rotation of crops practiced by the peasants 
involved wheat the first year, small grains plus red clover the second, and all 
(‘lover the third. The spontaneous pasturage of green sward was known to 
the natives as “fromenteati. ” Jefferson was impressed by the combined culti¬ 
vation of vines, trees and grain in this part of France. Rows of fruit trees 
were planted about 20 feet apart, and between them in the rows were espali- 
ered vines four feet apart. The intervals were sown in grain and pasture in 
alternate years. In Dauphino, he was told, vines were planted only at the 
roots of trees and permitted to elimb the trees, a praetiee which, he wrote, 
spoiled both the fruit and the w ine. 

2 * “Memoranda taken on a Journey from Paris into tlie Southern Parts of France, 
and Northern of Italy, in the year 1787“ (13, XVII, 133-S36). 

2 «» Jefferson used the term “corn” in the Old World sense, i.c., as meaning “grain” 
and including wheat, rye, and barley. 

at Cytwm ttcoparius. 

2* V lex evroparu*. 

2» Ilex A quifoliu m. 
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Wild gooseberries at this time (second week in March) were in leaf, wild 
pear and sweet briar in bud, and in Lyons almond trees were in bloom. 

In Dauphinc, another ancient province, Jefferson was struck by what he 
described as the savage aspect of the country along both sides of the Rhone. 
The hand of man had subdued the scene, he wrote, “by planting corn where 
there is little fertility, trees where there is still less and vines where there 
is none/* Jn the neighborhood of Lyons there was more corn than wine; 
toward Tains, more wine than corn; and beyond the latter, the extensive 
plains of the Rhone, where best, wore in corn, clover, almonds, mulberries 
and walnuts. There were also some oaks, the hills were in vines, and near 
Lyons, but not much afterwards, was a good deal of forest wood. Where the 
hills were quite in waste, as he described them, they were covered with broom, 
whins, box and some clusters of small pine. Almond was in general bloom 
(March 15-18) and willows were putting out their leaves. 

At Pains there had formerly been olive trees, but since a great cold some 
years before had killed them, they had not been replaced. 

In Montelimart, too, the peasants planted corn with their vines; they grew 
an abundance of potatoes and other vegetables; and used walnut oil with 
their salad. Here, as elsewhere in France, vineyards were fertilized with 
dung gathered along the roadside, the collecting of Which constituted a form 
of trade. 

In the Principality of Orange the plains of the Rhone, tuo or three 
leagues wide, were also in corn, clover and almonds, and it was here that the 
country of olives began. They were the only trees which Jefferson saw 
planted among the vines. On the hills, thyme grew wild. 

In Languedoc forests were absent but cultivated crops included corn, 
<^lover, lucerne, ao St. Foin, n olives, mulberries, willows for firewood and 
hoops, and some almonds. In parts, the waste hills were covered with thyme, 
box and eh one-vert/ 54 At Nimes the peasants were pruning their olive trees 
(March 23), a good specimen of which would yield 60 pounds of fruit and 
15 pounds of oil. In 1767 a cold spell of a week had killed all the olive trees, 
but next year the roots produced sprouts. Horse chestnut and mulberry trees 
were leafing, apple trees and peas blossoming, and from the joints of the 
Pont du Gard wild figs were flourishing. 

The country about Aix was luxuriant, waving in vines, pastures of green 
sward and clover. There were perfect groves of olive trees and mixed among 
them were corn, lucerne, and viues. Waste ground threw out thyme and 
lavender. Firewood of the peasants consisted of ohene-vert and willow, and 

A(t Lucerne = alfalfa. ’ 

81 Sainfoin or ftaintfoiu, a fofage crop grown to Home extent today in the southern 
United States, is Onobryphitt viciaefolia, a segregate from Hedymntm. 

32 Quprcua 
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plantings of the latter were lopped every three years. The peasants made 
their bread half wheat, half rye, and ate it in the mornings with an anchovy 
or an onion. Their vegetables were always eaten with oil and vinegar, and 
they drank piquette, made by pouring hot water over the pomace of pressed 
grapes. 

Marseille, too, was the center of groat olive groves, interplanted with 
corn, vines, lucerne, mulberry, almond and willow. Jefferson was informed 
that the olive grew nowhere more than 30 leagues from the sea, but he 
doubted that this was true of Spain, Portugal, Asia, and Africa, and ex¬ 
pected that it would not apply to America. This last thought was important, 
as we shall later note, in his attempts to introduce olive culture into his 
native land. 

The finest figs of Europe, Jefferson informs us, grew about Marseille, 
and were known as “Agues Marcelloises” or “les veritables Marcel loises,” 
to distinguish them from others of inferior quality. The figs were formed 
on the trees around the first of April and would keep any length of time, 
whereas others would exude a sugar in the spring and become sour. The 
Marseille fig, Jefferson was told, would degenerate if transplanted into any 
other part of the eountry. There were also a few trees of a small seedless 
grape from Smyrna, and the best of all grapes for drying was known as 
“des Pauses.” They were very large with a thick skin and much juice, grow¬ 
ing best against walls of southern exposure. 

Oathering mulberry leaves constituted another means of earning a living, 
and caper buds'* had to be collected every day as they formed, a labor that 
was performed by women. Pistache, too, grew in the neighborhood but not 
so well, and the peasants ate the fruits in the milky state. By the middle of 
March the people were cutting asparagus; they had Windsor beans on April 
4; the next day Jefferson saw strawberries and the (Judder rose in blossom. 
Raisins were first dipped in lye and then dried in the sun to preserve them. 
Aloe grew in the open ground. 

Jefferson mentions oranges first in the little village of Olioules, outside 
Marseille, and around Cuges capers were abundantly cultivated. From 
Olioules to Toulon, figs were in the open fields, some with steins 15 inches 
in diameter. They generally forked near the ground but some had single 
stems five feet long. The plants were large as apricot trees, and the olive 
trees about the size of large apple trees. Corn and almonds, too, were grown, 
as well as capers. The latter were planted eight feet apart, and the fruits, 
as already mentioned, were gathered by women, beginning about the last of 
June and continuing until the middle of October. Each plant had to be 
picked every day, and they grew equally well in the best or worst soil, even 

31 Pickled flower buds of the caper bush, Cap paris npwona, ha\e long l>een used as :i 
condiment and ingredient of sauces in the Old World. 
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in walls where there seemingly was none. Their life-span was that of a man 
or longer. Peas were available through the winter, occasionally under shelter, 
and they had been so without shelter since March 25. 

At Hieres, in addition to the usual olives, mulberries, vines, figs and corn, 
there were also some flax and cherry trees. Groves of fruit trees extended 
two or three miles from the town to the sea, and in them were orange trees 
of two feet diameter one way, one foot the other, the contour of all the larger 
trunks being oval rather than circular. The largest trees were 20 feet tali 
and yielded about 6,000 oranges per year. The leaves of many and some trees 
themselves had been killed by eold the previous November. One garden which 
Jefferson visited had about 15,600 trees, eight to ten feet apart, which blos¬ 
somed and bore fruit at the same time and in every stage all year round. 
The best fruit was that which was gathered in April and May. There were 
also palm trees in Hieres, 20 or 30 feet tall, but they bore no fruit, and the 
King kept a botanical garden here, concerning which Jefferson does not 
give us any details. 

Beyond Hidres, in addition to the customary crops of the region, were 
hedges of pomegranate, sweet briar and broom, and a great amount of thyme 
was growing wild. At Antibes and Nice oranges were in the open, but in 
small high inclosures and were protected by the neighboring mountains. 
This was true also of the oranges at Olioules, and Jefferson was induced to 
write that the climate seemingly did not permit their cultivation without 
shelter anywhere on the French side of the Alps. 

Beyond Nice, as Jefferson journeyed through the Maritime Alps into 
Italy, oranges were no longer to be seen, and the olive was lost a little above 
»the village of Searena on Mount Bruits, to be met again on the other side 
a little above the town of Sospelo. Wherever there was sufficient soil, the land 
was terraced and in grain, and waste areas were either in two-leaved pines 
or denuded. Likewise, in crossing Mount Brois near Ciandola and Tende, 
olives were lost at a certain height but found again on the other side at the 
village of Breglio. On the low] and there were also corn, vines, mulberries, 
figs, cherries and walnuts. At the village of Fontan olives disappeared and 
chestnut trees began in good quantities. About Limone and Coni, wherever 
there was sufficient soil on the mountains, corn was cultivated “quite to the 
commencement of the snows’’ on the mountains. Waste parts were in two¬ 
leaved pines, lavender and thyme. The plains near Coni were in pastures, 
corn, mulberries, and some almonds, and along the rivers was a great deal 
of golden willow. 

At this point in his notes Jefferson makes the following interesting 
observation: 

i 

“The southern parts of France, but still more the passage through the 
Alps, enable one to form a scale of the tenderer plants, arranging them 
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according to their several powers of resisting cold. Ascending three different 
mountains, Braus, Brois, and Tende, they disappear one after another; and 
descending on the other side, they show themselves again one after another. 
This is their order, from the tenderest to the hardiest. Caper, orange, palm, 
aloe, olive, pomegranate, walnut, fig, almond. But this must be understood 
of the plant; for as to the fruit, the order is somewhat different. The caper, 
for example, is the tenderest plant, yet being so easily protected, it is the 
most certain in its fruit. The almond, the hardiest plant, loses its fruit the 
often eat, on account of its forwardness. The palm, hardier than the caper 
and the orange, never produces perfect fruit in these parts. ,,J4 

From the mountains to Turin the walnut was the tenderest tree that 
survived, and of it as well as of almond and mulberry trees there were only 
a few. Crapes were more abundant, but most plentiful were willows and 
poplars. Corn, clover, and small grass were mixed with them, and the rich 
soil of the country was generally infested with wild onions. At Raeconigi 
there was some cultivation of corn, but what attracted Jefferson most is thus 
expressed in his own words: 

“They have a method of planting the vine, which T have not seen before. 
At intervals of about eight feet, they plant from two to six plants of vine 
in a (duster. At each cluster they fix a forked staff, the plane of the prongs 
of the fork at a right angle w ith the row of vines. Athwart these prongs they 
lash another staff, like a handspike, about eight feet long, horizontally, seven 
or eight feet from the ground. Of course, it crosses the rows at right angles. 
The vines are brought from the foot of the fork up to this cross piece, turned 
over it, and conducted along over the next, the next, and so on, as far as they 
will extend, the whole forming an arbor eight feet wide and high, and of 
the whole length of the row, little interrupted by the stems of the vines, 
which being close around the fork, pass up through hoops, so as to occupy 
a space only of small diameter.’ 

Continuing on through other towns to Vercelli, cultivation of corn, pas¬ 
ture, maize, vines, mulberries, Aval nuts, willow* and poplar continued. The 
peasants made hedges of willow* by setting the plants one to three feet apart 
and bending them down to interlace with one another when they were eight 
or ten feet tall. None of these hedges appeared very old to Jefferson, and 
lie concluded therefore that they soon died. 

The Italian rice fields began in the neighborhood of Vercelli, w T hence 
Jefferson procured seed, as later related, for introduction into South Caro¬ 
lina. He noted that the water with which the fields were irrigated was very 
clear and that sowing of rice within two miles of cities w r as not permitted, 
oil account of “insalubrity.” Notwithstanding, Jefferson wrote, when the 
water was drawn off the fields in August, the whole country became subject 
to agues and fevers. The peasants estimated that the same measure of 

34 (13, XVFl, 1X7.) 

<•» (13, XVII, 1XX.) 
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ground yielded three times as much rice as wheat, and with half the labor. 
They were sowing their rice at the time of Jefferson's visit, April 19, and 
as soon as sowed, the fields were flooded, two or three inches deep. Six weeks 
or two months later, the water was drawn off to permit weeding. The fields 
were then flooded again and allowed to remain so until August, three or 
four weeks before the grain was ripe. In September the rice was cut, 
threshed, beaten in mortars to separate the husks, and then sifted into 
different qualities. 

From Vereelli to Novara the fields were all in rice and mostly under 
water, and the dams separating several ponds were planted with willows. 
There were some figs in well-protected spots in Novara, but from there to 
Ticino the country was, for the most part, stony and waste, grown up in 
broom. From Ticino to Milan all was in corn, interplanted with willows, 
many mulberries, some walnuts, and here and there an almond. Nearing 
Milan, Jefferson was induced to write: 

44 They have still another method here of planting the vine. Along rows 
of trees, they lash poles from tree to tree. Between the trees are set vines, 
which, passing over the pole, are carried on to the pole of the next tree, whose 
vines are in like immner brought to this, and twined together, thus forming 
the intervals between the rows of trees alternately into arbors and open 
spaces. They have another method also of making quick-set hedges. Willows 
are planted from one to two feet apart, and interlaced, so that every one is 
crossed by three or four others. 

Figs and pomegranates, Jefferson was told, grew unsheltered in Milan, 
but seeing none, he supposed they were rare. Olives had formerly grown 
there, but since a great cold in 1709 had killed them, they had not been 
,,replaced. In fact, the nights that Jefferson was in Milan, April 21 and 22, 
the rice ponds froze half an inch thick. Such ponds were not permitted 
within five miles of this city, and the intervening country was in corn, pas¬ 
tures, gardens, mulberries, willows and vines. 

Butter and Parmesan cheese manufacture centered about Lodi and are 
carefully described in Jefferson's notes, one interesting detail of which is 
that an ounce of saffron, the dye secured from the dried, orange-colored 
stigmas of the locally native Crocus sativns , was added to seven brenta 
[brenta - 50 liters] of milk to give color to the cheese. | An ounce of saffron 
requires the stigmas of more than 4,000 flowers.) 

At Novi the Apennines began to rise, their growth consisting of oak and 
chestnut. Walnut was soon lost in ascending the mountains but found 
again about one-fourth of the way down the other side. Half-way down, 
figs and vines were n\et, continuing in great abundance to the lowland. 
Between the mountains and Genoa, olive culture began again, and in the 

3« (13, XVII, 193.) 
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immediate environs of the city were strawberries, figs, oranges, mulberries, 
and eorn. Aloe grew in many places but never flowered. 

Near Oneglia were many trees known as earroubier which Jefferson knew 
had been named Ccratonia siliqua by Linnaeus, a name that is still valid. 
These trees were, of course, the well-known earobs whose pods, as Jefferson 
learned, furnished food for horses, and also for the poor peasants in times 
of scarcity. At St. Remo orange and lemon trees were in abundance, and 
farther along toward Monaco and Nice were extensive plantations of palm 
trees. The midribs of these palms, Jefferson wrote, were in such demand in 
Rome on Palm Sundays, that cultivation here to meet that demand was a 
profitable enterprise. 

Later, in France again, Jefferson found St. Foin extensively cultivated 
around Montpelier and known there as sparsette. There was also a great deal 
of madder 01 * garance, Itubiu tinctorum , the raising of which was said to be 
immensely profitable. In Jefferson’s words: 

“The first four years of madder are unproductive; the fifth and sixth 
yield the whole value of the land. Then it must be renewed. The sparsette 
is the common or true St. Foin. It lasts about five years; in the best land 
it is rut twice, in May ami September, and yields three thousand pounds 
of dry hay to the setterie the first cutting, and five hundred pounds the 
second. . . . Lucerne is the best of all forage; it is sowed here in the broad¬ 
cast, and lasts about twelve or fourteen years. It is cut four times a year, 
and yields six thousand pounds of dry hay at the four cuttings, to the 
setterie. ” 57 

In Cette, wine manufacture was the principal industry, as in most of 
the adjacent country, and it furnished great quantities of grape pomace 
for making verdigris. ik At Carcassonne flax was in bloom (May 18) and 
Windsor beans had just come to the table, but there were not yet either 
strawberries or peas. At one point in this vicinity Jefferson noted what he 
said were the last olive trees, and in his memoranda he indulged in the 
following discussion with himself, so characteristic of his inquiring mind 
and devotion to detail: 

“On a review of what I have seen and heard of this tree, the following 
seem to be its northern limits. Beginning on the Atlantic, at the Pyrenees, 
and along them to the meridian of la Lande, or of Carcassonne; up that 
meridian to the Cevennes, as they begin just there to raise themselves high 
enough to afford it shelter. Along the Cevennes, to the parallel of forty-five 
degrees of latitude, and along that parallel (crossing the Rhone near the 
mouth of the Isere) to the Alps; thence along the Alps and Apennines, to 
what parallel of latitude 1 know not. Yet here the tracing of the line becomes 


37 (13, XVII, J07.) 

ss Verdigris is a green pigment, known to the ancient Homans, used in dyeing and 
medicine, and much produced in the wine districts of France by exposing thin strips of 
copper to acetic acid developed in the residues from wine factories. 
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the most interesting. For from the Atlantic, so far, we see this production 
the effect of shelter and latitude combined. But where does it venture to 
launch forth unprotected by shelter, and by the mere force of latitude alone? 
Where for instance does its northern limit cross the Adriatic? I learn that 
the olive tree resists cold to eight degrees of Reaumur below the freezing 
point, which corresponds to fourteen above zero of Fahrenheit; and that the 
orange resists to four degrees below freezing of Reaumur, which is twenty* 
three degrees above zero of Fahrenheit.” 39 

This concern of Jefferson in wanting to know where latitude alone per¬ 
mitted olive cultivation was not merely academic; it had a very practical 
bearing, and, as we shall soon note, Jefferson later instructed Edward 
Rutledge to secure additional information on the subject, for lie was inter¬ 
ested in promoting olive culture in America. 

The vineyards and production of wine in the neighborhood of Bordeaux 
occupy several pages of Jefferson’s notes. In the surrounding country lie 
found vines, corn, maize, farouche/” clover, lucerne, apples, cherries, and 
waste areas in furze 41 and broom. 

At Nantes, Carolina riee, a topic to be discussed later in considerable 
detail, was preferred to that of Lombardy for the Guinea trade because it 
required less water to boil. 

Ascending the Loire from Nantes, Jefferson found the countryside as 
far as Angers in grain, pasture, vines, some maize, flax, and hemp. Beyond 
Nantes there were, in addition, many willows, poplars, and walnuts. The 
flax was nearly ripe (June 8), and sweethriar was generally in bloom. There 
was still some broom on which the cattle and sheep browsed in winter and 
spring when they had no other green food. Hogs ate the blossoms and pods 
in,spring and summer. The first crop of hay was being cut, and "with a pass¬ 
ing remark upon vineyards and wine production in the region, Jefferson 
concluded his agricultural observations on this journey in 1787. 

The next spring he visited the Rhineland, but his notes from that journey 
are devoted primarily to other matters than plant life. There are, of course, 
the customary observations on vineyards and manufacture of wines, but 
the only remarks of particular interest to us are the following. Cologne, at 
that time a sovereign city of about 60,000 inhabitants and having no terri¬ 
tory outside its walls, was the most northern spot on earth where wine was 
made. Their first grapes had originally come from Orleans, but since then 
others had been brought from Alsace and Champagne. Jefferson also informs 
us that it was only 32 years since the first vine had been sent from Cassel, 
near Mayenee, to the Cape of Good Hope, where Cape wine was made as a 
consequence. The Cape, Jefferson supposed, was the most southern spot on 

3» (13, XVII, su.) 

40 r i r(folium incarnatifim. 

41 Fursse c= whin, Ulrx enropaeus. 
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earth where wine was made, and he regarded it as singular that the same 
vine should have furnished two wines as much opposed to each other in 
quality as they were apart in location. 

In Heidelberg, apple, pear, cherry, peach, apricot, and almond were all 
in bloom (April 14), and at the village of Kaeferthal was a plantation of 
rhubarb, started in 1769, which supplied the apothecaries of Frankfort and 
England. 


INTRODUCTION OF NEW CROP PLANTS INTO AMERICA 

As a result of his long sojourn in France and especially of his having 
seen so much of the agricultural activities there, Jefferson became imbued 
witli the idea that certain crop plants of Europe, theretofore not cultivated 
in the States, should be introduced into America. His enthusiasm in this 
direction became so great and so enduring that years later in an appendix 
to his autobiography, begun in 1821 at the age of 77, he concluded with the 
very strong statement that 

“The greatest service which can be rendered any country is, to add an 
useful plant to its culture; especially a bread grain; next in value to bread 
is oil.” 42 

On an earlier occasion, when thanking someone for some seeds of the 
breadfruit tree to be introduced into the southern States, he concluded with 
the remark that 

44 One service of this kind rendered to a nation, is worth more to them 
than all the victories of the most splendid pages of their history, and becomes 
a source of exalted pleasure to those who have been instrumental to it. May 
that pleasure be yours, and your name be pronounced with gratitude by 
those who will at some future time be tasting the sweets of the blessings you 
are now procuring them.” 11 

What lie advocated, he practiced himself, and scarcely left a stone un¬ 
turned which held any promise of adding to the vegetative richness of his 
homeland. We have already observed in our consideration of his farming 
activities tfiat he imported legumes from abroad to restore fertility to his 
soil, and our attention now becomes directed to a variety of other plants. 

In 1786, while still in Paris, Jefferson had occasion to acknowledge elec¬ 
tion to membership in the South Carolina Agricultural Society which had 
been organized the previous year and with which he thereafter carried on 
considerable correspondence. In reciprocation for the honor thus accorded 
him, he expressed the hope of being able to render some service 

“by forwarding to the society such new objects of culture, as may be likely 
to succeed in the soil and climate of South Carolina. In an infant country, 

4 2 (33, I, 

4 -< Letter to Mr. Giroud, May 22, 1797 (13, IX, 387). 
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as ours is, these experiments are important. We are probably far from 
possessing, as yet, all the articles of culture for which nature has fitted our 
country. To find out these, will require abundance of unsuccessful experi¬ 
ments, But if, in a multitude of these, we make one useful acquisition, it 
repays our trouble. Perhaps it is the peculiar duty of associated bodies, to 
undertake these experiments. Under this sense of the views of the society, 
and with so little opportunity of being otherwise useful to them, I shall be 
attentive to procure for them the seeds of such plants, as they will be so good 
as to point out to me, or as shall occur to myself as worthy of their notice. 
T semi at present, by Mr. McQueen, some seeds of a grass, found very useful 
in the southern parts of Europe, and particularly, and almost solely culti¬ 
vated in Malta. Tt is called by the names of Sulla, and Spanish St. Foiti, ami 
is the Hodysarum coronarhtm 44 of Linnaeus. It is usually sown early in 
autumn. 1 shall receive a supply of fresher seed, this fall, which I will also 
do myself the honor of forwarding to you. 1 expect, in the same season, from 
the south of France, some acorns of the cork oak, which I propose for your 
society, as I am persuaded they will succeed with you. I observed it to grow 
iu England, without shelter; not well, indeed, but so as to give hopes that it 
would do well with you.” 43 

Two years later Jefferson was promising more seed of the Spanish St. 
Foin, some of which he had received by then direct from Malta. 4 ” He fulfilled 
his promise, but the shipment apparently was lost at sea, for years later iu* 
bemoaned this failure. 47 In the same letter we learn also of similar dis¬ 
appointment in regard to the other plant mentioned in the above quoted 
correspondence: 

“1 have been long endeavoring to procure the (k)rk tree from Europe, but 
without success. A plant which 1 brought with me from Paris died after 
languishing some time, and of several parcels of acorns received from a cor¬ 
respondent at Marseilles, not one ever vegetated. I shall continue my en¬ 
deavors, although disheartened by the nonchalance of our Southern fellow 
citizens, with whom alone they can thrive.” 47 

In 1808 Jefferson received 

“a bottle of the oil of Beni, 4 * believed to be a sesamum. 1 did not believe there 
existed so perfect a substitute for olive oil. Like that of Florence, it has no 
taste, and is perhaps more limpid. A bushel of seeds yields three gallons of 
oil; and Governor Milledge, of Georgia, says the plant will grow wherever 
the Palmi Christi will, ft is worth your attention, and you can probably get 
seed from Colonel Fen.” 49 

44 This European herb, valued as forage, is sometimes cultivated for its pink flowers 
as French honeysuckle. 

45 letter to William Drayton, May 6, 1786 (13, V, 311), 

4 # Letter to William Drayton, January 13, 1788 (13, VI, 413). 

*7 Letty#to James Bonaldson, January 12, 1813 (13, XIII, 304), 

4 « Sesame or Benue oil, from Scxamum indicuin , is one of the staple food oils of Tudia, 
and has liidited use in salads, soaps and pharmaceuticals. 

Letter to K. B. Livingston, January 3, 3808 (13, XI, 411). 
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Three clays later he wrote to another correspondent and informs us that 

“The African Negroes brought over to Georgia a seed which they called 
beui, and the botanists sesanmm. 1 lately received a bottle of the oil, which 
was eaten with salad by various companies. All agree it is equal to the olive 
oil. A bushel of seeds yields three gallons of oil. 1 propose to cultivate it for 
my own use at least/ 7 *"’ 0 

In this same letter Jefferson called attention to a report in the transac¬ 
tions of the Agricultural Society of Paris that they were cultivating Jerusa¬ 
lem artichoke for animal feed, 10,000 pounds to the acre, which they said was 
three times as much as they generally made of potatoes. His efforts with the 
beni seeds wen* not very successful: 

“1 sowed some of the Beiini seed the last year, and distributed some 
among my neighbors; blit the whole was killed by the September frost. 1 got 
a little again the last winter, but it was sowed before [ received your letter. 
Colonel Fen of New York receives quantities of it from Georgia, from whom 
you may probably get some through the Mayor of New York. But T little 
expect it can succeed. Tt is about as hardy as the cotton plant, from which 
you may judge of the probability of raising it at Hudson.“ 11 

Culture of the almond tree, Jefferson wrote from France, was so pre¬ 
carious that no one but persons of capital could depend on it for subsis¬ 
tence/ 2 and the fig and mulberry were so well known in America that nothing 
needed to be said about them. Sinee the latter two were cared for in France 
by women and children, Jefferson looked upon them, in contemplating con¬ 
ditions in America, as 

“earnestly to be desired in countries where there are slaves.” 

Capers also attracted Jefferson’s attention in Europe, and in 1792 he 
imported some from Marseille. He sent them to Charleston " for trial there 
and expressed the opinion that the\ would probably succeed in America, that 
their cull lire would offer a very great and immediate profit/ 4 He also w'rote: 

“The caper, though a more tender plant, is more certain in its produce, 
because a mound of earth of the size of a cucumber hill, throw’ll over the 
plant in the fall, protects it effectually against the cold of winter. When the 
danger of frost is over in the spring, they uncover it, and begin its culture. 
There is a great deal of this in the neighborhood of Toulon. The plants are 
sot about eight feet apart, and yield, one year with another, about two pounds 
of caper each, worth on the spot sixpence sterling per pound. They require 
little culture, and this may be performed either with the plough or hoe. The 
principal w T ork is the gathering of the fruit as it forms. Every plant must be 


Letter to John Taylor, January <>, 1808 (13, XI, //J). 

'o Letter to Horatio (i. Hpafford, May 14, 1809 (13, XII, 

*> 2 Letter to William Drayton, July 30, 1787 (13, VI, WS). 

Letter to George Washington, May 16, 1792 (13, Vlll, 

» 4 Letter to Edward Rutledge, July 14, 1787 (13, VJ, 
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picked every other day, from the last of June til) the middle of October. But 
this is the work of women and children. This plant does well in any kind of 
soil which is dry, or even in walls where there is no soil, and it lasts the life 
of a man* Toulon would be the proper port to apply for them. T must observe, 
that the preceding details cannot be relied on with the fullest certainty, 
because, in the canton where this plant is cultivated, the inhabitants speak 
no written language, but 'a medley, which 1 could understand but very 
imperfectly. 7,55 

The foregoing economic plants, while interesting in having appealed to 
Jefferson, were really secondary in his considerations. For the important 
items w r e must refer to the quotation on page 585 at the beginning of this 
chapter. That sentence was part of one of eleven paragraphs constituting 
what Jefferson called “Note G” in the Appendix to his autobiography, those 
eleven paragraphs being devoted to that number of items of his accomplish¬ 
ments, in an attemjd to answer the question in his own mind whether his 
country was any better for his having lived. This note, apparently, was never 
completed. It briefly mentioned disestablishment of a State church, abolition 
of entails and prohibition of slave importation, aud the greatest of all was 
only named, “The Declaration of Independence.” The Lewis and Clark 
Expedition was not even mentioned, though Jefferson’s successful promotion 
of that project, as we shall later note, was his foremost contribution to sci¬ 
ence; it undoubtedly would have been included had that note ever been com¬ 
pleted. It is because of this omission that we find particular significance in 
his having included, so far as he did formulate that note, the following two 
paragraphs: 

“In 1789 and 1790,1 had a great number of olive plants, of the best kind, 
sent from Marseilles to Charleston, for South Carolina and Georgia. They 
were planted, and are flourishing; and, though not yet multiplied, they will 
be the germ of that cultivation in those States. 

In 1790, I got a cask of heavy upland rice, from the river Denbigh, in 
Africa, about lat. 9° 30' North, which 1 sent to Charleston, in hopes it might 
supersede the culture of the wet rice, which renders South Carolina and 
Georgia so pestilential through,the summer. It was divided, ami a part sent 
to Georgia. I know not whether it has been attended to in South Carolina; 
but it has spread in the upper parts of Georgia, so as to have become almost 
general, and is highly prized. Perhaps it may answer in Tennessee and Ken- 
lucky.” 

Because of the importance which Jefferson thus attached to these two 
incidents, so briefly mentioned in the closing years of his life, it is most 
appropriate that we carefully examine all his previous correspondence which 
may shed any light on the two topics. From them we acquire the following 
picture. 

ss Letter to William Drayton, July 30, 1787 (13, Vr, 193 ). 

56 (13, X, 238 .) 
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Rice . 57 While in France as American Minister to that country, Jeffer¬ 
son observed that the annua] consumption of rice, particularly in Paris, was 
considerable, amounting to about 82,000 quintals (quintal*- 220 pounds), 
and he regarded it as his duty to determine what the sources of supply were, 
to what extent the material was imported from America, where it had been 
in cultivation since the latter part of the sixteenth century, and whether the 
American proportion of that supply could not be increased. Difficulties were 
encountered in his attempts to secure accurate information on these matters 
from retailers of rice, but his persistent inquiries finally produced the fol¬ 
lowing information. 

The dealers in France were in the habit of selling two qualities of rice, 
one from Carolina with which they were supplied chiefly from England; the 
other known as Piedmont rice from Ttalv. The Carolina rice was long, 
slender, attractively white, and served well when prepared ait lait, that is, 
with milk and sugar, but not so well when prepared in a fashion known as 
an gras. That of Piedmont was shorter, thicker and less white, but was the 
better when served an gras. It was preferred, therefore, to 1 lie American rice, 
thongli the more pleasing appearance of the latter resulted in its imports 
from America being approximately equal to those from Piedmont. 

The difference in quality between the two kinds, accounting for the 
preference exhibited toward tiiat from Piedmont, was attributed by the rice 
dealers to a difference in techniques between the American and French 
methods of preparing the material for market. The Carolina rice, they fig¬ 
ured, was husked with a type of machine that broke it more than did the 
French instrument, and less care was observed in separating the broken 
from the unbroken grains. The Carolina rice was less expensive to the dealers 
than that of Piedmont, but since they were obliged to sort the whole grains 
from the broken, in order to satisfy the taste of their customers, the dealers 
had to charge as much for the first quality Carolina rice, when sorted, as for 
that of Piedmont. Second and third qualities, obtained by sorting, sold much 
cheaper. 

Mechanically inclined as Jefferson was, among his many accomplish¬ 
ments, he determined to learn in what way the machines of Piedmont differed 
from those of South Carolina and why they supplied the European market 

:>T Account gathered from letters to (all in citation No. 13) : 

John Jay, January 2, 1783 (VIT, 2b) ; May 4, 1787 (VI, 111). 

Edward Rutledge, July 34, 3 787 (VI, Hi9) ; July 38, 3788 (VII, 79) ; September 38, 1789 

(VII, 46,1). 

3)r. David Ramsay, October 27, 1786 (V, 453). 

John Adams, July 1, 3 787 (VI, Uti). 

James Maury, November 13, 1787 (VI, 371). 

George Washington, December 4, 1788 (VII, 223). 

Benjamin Vaughan, May 37, 1787 (VII, 359) ; June 27, 1790 (VIII, 19). 

Ralph Izard, August 1, 3 787 (Vi, 209). 
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with rice which was less broken than that from America. Tt was in connection 
with his journey into southern France in 1787 that an opportunity presented 
itself for acquiring this information. Frustrated at first in his attempt to* 
learn the answer in Marseille, which was the great emporium of the Levant 
and of Italy, he set out that year on a three-weeks journey across the Alps 
into the rice country of Italy between Vercelli and Pavia. There lie visited 
the rice fields of the Venellese and Milanese, saw their machines in operation, 
and found them almost identical with those of Carolina. He thereupon con¬ 
cluded that the Italian rice which, incidentally, came from Lombardy and 
not Piedmont as incorrectly implied in its common name, was of a species 
different in form, color and quality from that of Carolina. He founded this 
conclusion partly on the reports of a certain M. Poivre, a former Governor 
of the Isle of France, who had travelled through several countries of Asia, 
observing in particular the agriculture of those lands. He had written upon 
rice and reported six kinds as being cultivated in Cochin China, three of 
them requiring water and three being of the upland type, growing on high¬ 
lands. According to Poivre, Carolina rice was of the “white” variety, differ¬ 
ent from these, and Jefferson understood, as we know today, that it had 
originally come from Madagascar. The effect of time, culture, and climate, 
Jefferson thought, may have accentuated any original differences between 
the Carolina and Lombardy strains. 

It is only natural that Jefferson should have then become interested in 
the prospects of getting some of the unbusked rice of Piedmont or Lombard^ . 
as one may prefer to call it, to America in order that its cult nation here 
might be undertaken. But the government of Turin, in the vicinity of which 
the finest strains were grown, prohibited its export in that form on pain of 
death. To circumvent this restriction, Jefferson resorted to a little smuggling 
activity by engaging a muleteer to run a couple of sacks across the Apennines 
to Genoa, beyond which their further transit would not have been so pre¬ 
carious. 58 Jefferson was skeptical of the success of this venture and so he 
filled his coat and surtout pockets with a few pounds of the best kind he 
could obtain from Vercelli. Therte lie sent to William Drayton of the agri¬ 
cultural society in South Carolina, not in one package but in three parcels 
by as many different ways to be assured of their delivery. The fate of the 
shipment entrusted to the mule is not revealed in any of Jefferson’s letters, 
but the other three bundles from Turin, w r e know', arrived safely in Charles¬ 
ton. Their contents were distributed among the rice growers of the South, 
ten and twelve grains to each of several planters. 

Jefferson was not satisfied, however, merely with this smuggling exploit. 
He continued his investigations and the next year he informed Dr, Drayton 

58 lu his own words: “Poggio, a muleteer, who passes every week between Vercelli 
and Genoa, will smuggle -a sack of rough rice for me to (tenon; it being death to export 
it in that form” (13, XVII, 192). 



1044 j 


FILLING: THOMAS JEFFERSON 


591 


that another kind of rice obtainable from the Levant was considered by some 
not only to be different in quality from that of Piedmont but even as superior 
to it. He sent a quantity of this strain in the husked form to Dr. Drayton, 
and took measures to obtain unhusked grains of it for him. In reference to 
the American and Old World varieties he then continued : 

“I should think it certainly advantageous to cultivate, in Carolina and 
Georgia, the two qualities demanded at market; because the progress of cul¬ 
ture, with us, may soon get beyond the demand for the white rice; and be¬ 
cause too, there is often a brisk demand for the one quality, when the market 
is glutted with the other. I should hope there would be no danger of losing 
the species of white rice, by a confusion with the other. This would be a real 
misfortune, as I should not hesitate to pronounce the white, upon the whole, 
the most precious of the two, for us. The dry rice of Cochin-China has the 
reputation of being the whitest to the eye, best flavored to the taste, and most 
productive, ft seems then to unite the good qualities of both the others known 
to us. Could it supplant them, it would be a great happiness, as it would 
enable us to get rid of those ponds of stagnant water, so fatal to human 
health and life. Hut such is the force of habit, and caprice of taste, that we 
could not be sure beforehand it would produce this effect. The experiment, 
however, is worth trying, should it only end in producing a third quality, 
and increasing the demand. I will endeavor to procure some to be brought 
From Cochin-China. The event, however, will be uncertain and distant.” 50 

Six months later he sent some rough rice for experimental purposes from 
Egypt, and remarked that the young Prince of Cochin China, who had 
recently left Paris and with whom Jefferson had presumably become ac¬ 
quainted, promised to send him some dry rice from that country. 1 * 0 It is from 
a letter of 20 years later, however, that we learn of his final success in intro¬ 
ducing into the States a type of upland rice from the River Denbigh in 
Africa: 

“In answer to the inquiries of the benevolent Dr. De Carro on the subject 
of the upland or mountain rice, Oryza Mutica , 1 will state to you w T hat 1 
know of it. I first became informed of the existence of a rice which w r ould 
grow in uplands w ithout any more water than the common rains, by reading 
a book of Mr. De Poivre, w ho had been Governor of the Isle of France, w T ho 
mentions it as growing there and all along the coast of Africa successfully, 
and as having been introduced from Cochin-China. 1 was at that time (1784- 
89) in France, and there happened to be there a Prince of Cochin-China, 
on his travels, and then returning home, 1 obtained his promise to send me 
some. I never received it however, and mention it only as it may have been 
sent, and furnished the grounds for the inquiries of Dr. De Carro, respecting 
my receiving it from China. When at Havre on my return from France, I 
found there Captain Nathaniel Cutting, w r ho w'as the ensuing spring to go 
on a voyage along the coast of Africa. I engaged him to inquire for this; 
lie w r as there just after the harvest, procured and sent me a thirty-gallon 

■ v » Letter to William Drayton, July 30, 1787 (13, VI, f <f S), 

Letter to William Drayton, January 13, 1788 (13, VI, US), 
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cask of it. It arrived in time the ensuing spring to be sown. 1 divided it 
between the Agricultural Society of Charleston and some private gentlemen 
of Georgia, recommending it to their care, in the hope which had induced 
me to endeavor to obtain it, that if it answered as well as the swamp rice, 
it might rid them of that source of their summer diseases. Nothing came 
of the trials in South Carolina, but being carried into the upper hilly parts 
of Georgia, it succeeded there perfectly, has spread over the country, and 
is now commonly cultivated; still, however, for family use chiefly, as they 
cannot make it for sale in competition with the rice of the swamps. The 
former part of these details is written from memory, the papers being at 
Monticello which would enable me to particularize exactly the dates of 
times and places. The latter part is from the late Mr. Baldwin, one of those 
whom I engaged in the distribution of the seed in Georgia, and who in his 
annual attendance on Congress, gave me from time to time the history of 
its progress. It has got from Georgia into Kentucky, where it is cultivated 
by many individuals for family use. I cultivated it two or three years at 
Monticello, and had good crops, as did my neighbors, but not having con¬ 
veniences for husking it, we declined it. 1 tried some of it in a pot, while I 
lived in Philadelphia, and gave seed to Mr. Bartram. It produced luxuriant 
plants with us both, but no seed; nor do I believe it will ripen in the Tinted 
States as far north as Philadelphia.”* 51 

lu Jefferson’s correspondence regarding rice there is an incidental 
though interesting reference to the famous Captain Bligh of Bounty fame. 
Captain Bligh, in charge of the ship Bounty, had been sent to the South 
Sea islands to stock breadfruit trees for transplanting into the British 
West Indies. His allegedly tyrranous management of the crew led to 
mutiny near the Friendly Islands, and Bligh, w r ith 19 of his men, were set 
adrift in an open boat. In June, 1789, they landed on the island of Timor, 
and eventually made their w r ay back to England. Bligh was subsequently 
Commissioned to repeat the voyage and this time succeeded in his com¬ 
mission. The relationship of all this to Jefferson is revealed in a letter to 
him in 1790 from Jamaica, from one Samuel Vaughan. 02 From it we gather 
that Jefferson had asked Vaughan’s father for some seeds of mountain rice, 
the request had been transmitted to the son, and the son w t hs replying to 
the effect that he could not comply but instead was sending 40 seeds, twenty 
with the letter and twenty otherwise, of a variety of rice that was plentiful 
in the central parts of Hispaniola. The point is somewhat ambiguous in bis 
letter, but it was probably with reference to this same rice, that Vaughan 
wrote that the seeds which he had, had been brought from Timor by Captain 
Bligh. The implication is that Bligh, despite his predicament, brought seed 
rice with him, and that within a year’s time it was abundant in Hispaniola, 
all of which seems rather unlikely. Nevertheless, Jefferson believed in this 
origin of the rice, for five months earlier w T e find him acknowledging receipt 

<u Letter to Dr. Benjamin Waterhouse, December 1, 1808 (13, Xlf, ti()4 ). 

02 Letter from Samuel Vaughan, Jr., October 4, 1790 (15, 44). 
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of souk 1 dry rice from the Moluccas, and informing Benjamin Vaughan flJ 
that some of the seed had been sent to Virginia; the others had been sowed 
in pots, and at the time of his writing he had 23 young plants, but feared 
that there was not enough of summer remaining for them to mature. 

Despite Jefferson’s enthusiasm in the matter, and the assertions of cer¬ 
tain biographers that his introduction of dry rice brought prosperity and 
wealth to parts of the South, we must note that cultivation of upland rice in 
the United States never became significant. 

Olives .* 4 Jefferson’s interest in olive trees as a crop plant for America 
was scarcely less intense than that in rice, and his enthusiastic advocacy 
of their cultivation in the States is well displayed in a letter to Dr. Drayton 
from Paris in 1787: 

“The olive is a tree the least known in America, and yet the most worthy 
of being known. Of all the gifts of heaven to man, it is next to the most 
precious, if it be not the most precious. Perhaps it may claim a preference 
even to bread, because there is such an infinitude of vegetables which it 
renders a proper and comfortable nourishment. In passing the Alps at the 
Col de Tendc, where they are mere masses of rock, wherever there happens 
to be a little soil, there are a number of olive trees, and a village supported 
by them. Take away these trees, and the same ground in corn would not 
support a single family. A pound of oil, which can be bought for three or 
four pence sterling, is equivalent to many pounds of flesh, by the quantity 
of vegetables it will prepare 1 , and render fit and comfortable food. Without 
this tree 1 , the country of Provence and territory of Genoa would not support 
one-half, perhaps not one-third, their present inhabitants. The nature of 
the soil is of little* consequence if it be dry. The trees are planted from 
fifteen to twenty feet apart, and when tolerably good, will yield fifteen or 
twenty pounds of oil yearly, one with another. There are trees which yield 
much more. They begin to render good crops at twenty years old, and last 
till killed by cold, which happens at some time or other, even in their best 
positions in France. But they put out again from their roots. In Italy, I 
am told, they have trees two hundred years old. They afford an easy but 
constant employment through the year, and require so little nourishment, 
that if the soil be fit for any other production, it may be cultivated among 
the olive trees without injuring them. The northern limits of this tree are 
the mountains of the Cevemies, from about the meridian of Carcassonne to 

Letter to Benjamin Vauglian, June 27, 1790 (33, VIH, fit). 

ui Account founded on letters to (all in citation No. 13 j : 

The President of the United States, May i, 1791 (VIII, US)), Mnv 16, 1792 (VIII, 3S?). 
(\ 0. Pinckney, October 8, 1792 (VIII, ‘ 

Edward Rutledge, July 14, 1787 (VI, 169 ), November 19, 1788 (VT1, .70), September 18, 

1789 (VII, 4OS). 

Wm. Drayton, July 30, 1787 (VI, 19.1). 

George Wythe, September 16, 1787 (VI, £96). 

M. de Bertrous, February 21, 1788 (VI, 481 ). 

James Ronaldson, January 12, 1813 (XITI, £04). 

Stephan Catalan, December 2, 1792 (XIX, 98 ). 
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the Rhone, and from thence, the Alps and Apennines as far as Genoa, I 
know and how much farther I am not informed. The shelter of these moun¬ 
tains may be considered as equivalent to a degree and a half of latitude, at 
least, because westward of the commencement of the Cevennes, there are no 
olive trees in 43J° or even 43° of latitude, whereas, we find them now on 
the Rhone at Pierrelatte, in 44|°, and formerly they were at Tains, above 
the mouth of the Isere, in 54°, sheltered by the near approach of the 
Cevennes and Alps, which only leave there a passage for the Rhone. Whether 
such a shelter exists or not in the States of South Carolina and Georgia, 
I know not. But this we may say, either that it exists or that it is not neces¬ 
sary there, because we know that they produce the orange in open ail*; and 
wherever the orange will stand at all, experience shows that the olive will 
stand well, being a hardier tree. Notwithstanding the great quantities of oil 
made in France, they have not enough for their own consumption, and, 
therefore, import from other countries. This is an article, the consumption 
of which will always keep pace with its production. Raise it, and it begets 
its own demand. ” 

‘‘Little is carried to America, because Europe has it not to spare. We, 
therefore, have not learned the use of it. But cover the southern states with 
it, and every man will become a consumer of oil, within whose reach it can 
be brought in point of price. If the memory of those persons is held in great 
respect in South Carolina who introduced there the culture of rice, a plant 
which sows life and death with almost equal hand, what obligations would 
be due to him who should introduce the olive tree, and set the example of its 
culture. Were the owner of slaves to view it only as the means of bettering 
their condition, how much would he better that by planting one of those 
trees for every slave he possessed. Having been myself an eye witness to the 
blessings which this tree sheds on the poor, T never had my wishes so kindled 
for the introduction of any article of new culture into our own countr\. 
South Carolina and Georgia appear to me to be the States, wherein its 
success, in favorable positions at least, could not be doubted, and I flattered 
myself it would come within the views of the society for agriculture to begin 
I he experiments which are to prove its practicability. Carcassonne is the place 
from which the plants may be most certainly and cheaply obtained. They 
can be sent from thence by water to Bordeaux, where they may be embarked 
on vessels bound for Charleston. There is too little intercourse between 
Charleston and Marseilles to propose this as the port of exportation. I offer 
my services to the society for tKe obtaining and forwarding any number of 
plants which may be desired .’ 9 

A year later in advising Edward Rutledge concerning things to be noted 
by the latter during his travels through France, Jefferson was still interested 
in determining the northern limit of culture of the trees in that country: 

“I must press on you, my dear Sir, a very particular attention to the 
climate and culture of the olive tree. This is the most interesting plant in 
existence for»South Carolina and Georgia. You will see in various places 
that it gives being to whole villages in places where there is not soil enough 
to subsist a family by the means of any other culture. But consider it as the 
means of bettering the condition of your slaves in South Carolina. See in 
the poorer parts of France and Italy what a number of vegetables are ren¬ 
dered eatable by the aid of a little oil, which would otherwise be useless. 
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Remark very particularly the northern limits of this tree, and whether it 
exists by the help of shelter from the mountains, etc*. 1 know this is the case 
in France. 1 wish to know where the northern limit of this plant crosses the 
Apennines; where it crosses the Adriatic and the Archipelago, and if pos¬ 
sible what course it takes through Asia.” 

Jefferson’s recommendations, as we might expect, were not without effect, 
and in another letter from Paris, thanking M. de Bertrous for a book on olive 
culture which he had just sent to Jefferson, we read : 

“This is a precious present to me, and I pray you to accept my thanks 
for it. 1 am just gratified by letters from South Carolina, which inform me 
that in consequence of the information I had given them on the subject of 
the olive tree, and the probability of its succeeding with them, several rich 
individuals propose to begin its culture there. It will not interfere with the 
commerce of France, because she imports much more oil than she exports, 
and because the consumption of oil in the United States at present, is so 
inconsiderable, that should their demand be totally withdrawn at the Euro¬ 
pean market, and supplied at home, it will produce no sensible effect in 
Europe. We can never produce that article in very great quantity, because 
it happens that in our two southernmost States, where only the climate is 
adapted to the olive, the soil is so generally rich as to be unfit for that tree, 
and proper for other productions of more immediate profit.” 

In two letters of 1792 we learn that the Agricultural Society of South 
Carolina had also followed Jefferson’s advice to the extent of employing 
someone in Marseille to raise and send them olive trees, and that 40 olive 
tree cuttings had arrived from there at Baltimore, as well as a box of seeds. 
The former were to he grafted on stock raised from the seed. Another cargo 
was on its way from Bordeaux. A year later there were in Charleston 100 
olive trees which had resulted from Jefferson’s instrumentality, and another 
300 had arrived in Philadelphia from Marseille, which also he was sending 
to Charleston. 

It is regrettable, in view of all his good intentions, that Jefferson’s devo¬ 
tion to introducing olive trees into America was not at all so successful as 
was his promotion of rice. This we learn from a letter of his in 1813 in which 
lie bemoaned the fact that 25 years had elapsed since he sent two shipments 
of about 500 plants from Aix, the finest olives in the world, and that if any 
of them still existed it was merely as curiosities in the gardens of some 
Southern fellow citizens. Not a single orchard of them had been planted. 

INTRODUCTION OF AGRICULTURAL CROCK FROM AMERICA INTO EUROPE 

Jefferson’s interest in the introduction of food plants was not limited to 
bringing such sources to America. He saw also the possibility of the acqui¬ 
sition by Europe of valuable plants from America, and various passages in 
his correspondence testify to this concern. On one occasion, for instance, 
when a French author sent him a treatise on the culture of sugar cane and 
cotton in France, Jefferson replied: 
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“The introduction of new cultures, and especially of objects of leading 
importance to our comfort, is certainly worthy the attention of every govern¬ 
ment, and nothing short of actual experiment should discourage an essay of 
which any hope can be entertained. Till that is made, the result is open to 
conjecture; and I should certainly conjecture that the sugar cane could never 
become an article of profitable culture in France. We have within the ancient 
limits of the United States, a great extent of country which brings the orange 
to advantage, but not a foot in which the sugar cane can be matured. France, 
within its former limits, has but two small spots, (Olioules and Hieres) which 
brings the orange in open air, and a fortiori , therefore, none proper for the 
cane. T should think the sugar maple more worthy of experiment. There is no 
part of France of which the climate would not admit this tree. I have never 
seen a reason why every farmer should not have a sugar orchard, as well as 
an apple orchard. The supply of sugar for his family would require as little 
ground, and the process of making it as easy as that of cider. Mr. Mieheaux, 
your botanist here, could send you plants as well as seeds, in any quantity 
from the United States. I have no doubt the cotton plant will succeed in some 
of the southern parts of France. Whether its culture will be as advantageous 
as those they are now engaged in remains to be tried.” 

After some remarks upon the economics of wine production in America, 
Jefferson continued: 

“hi general, it is a truth that if every nation will employ itself in what 
it is fittest to produce, a greater quantity will be raised of the things con¬ 
tributing to human happiness, than if every nation attempts to raise every¬ 
thing it wants within itself. The limits within which the cotton plant is worth 
cultivating in the United States, are the Rappahannock river to the north, 
and the first mountains to the west. And even from the Rappahannock to the 
Roanoke, we only cultivate for family use, as it cannot there be afforded at 
market in competition with that of the more Southern region. The Mississippi 
country, also within the same latitudes, admits the culture of cotton.” f,r ’ 

On several other occasions, too, Jefferson was instrumental in at least 
attempting to get American plants into France. We do not know whether he 
was always successful, however, for his correspondence does not tell, and 
hostilities between France and England at the time made shipping very pre¬ 
carious. While residing in Paris, for instance, lie sent for some 

“seeds of the Dionaea Muscipula, or Venus fly-trap, called also with you, 
I believe, the Sensitive Plant,” 66 

and at another time he asked someone to procure for him two or three hun¬ 
dred “pacoan” nuts from the “western country,” suggesting that they be 
obtained at Pittsburgh and giving directions for sending them in a box of 
sand. 67 His correspondent could not have been well acquainted with what 
Jefferson wanted, for later the same year we find him explaining that 


os Latter to M. Lasteyrie, July 35, 1808 (13, XII, 90). 
oo Letter to Mr, Hawkins, August 33, 1780 (13, V, 890). 
Letter to Mr. Hopkinson, January 3, 1786 (13, Y, J43). 
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“The paccan-nut is, as you conjecture, the TUinois nut. The former is the 
vulgar name south of the Potomac, as also with the Indians and Spaniards, 
and enters also into the Botanical name which is Julians Paccan.” 68 

It would seem safe to assume that Jefferson made similar efforts to fill the 
request of another correspondent who had sent him from London the kinds 
of peas and vetch cultivated in England and which Jefferson wanted for his 
own farm. This writer asked that he be sent seed of the Buffalo clover, 7Y/- 
folinm reflex uni, which was said to abound west of the mountains; also of 
some shrub which he could not name but which the famous John Bartram 
had mentioned to him as growing wild only in Jefferson’s neighborhood, the 
fruit of which produced a pure oil/’ 1 * 

Elsewhere Jefferson tells of having furnished cotton seed from our south¬ 
ern States to the Agricultural Society of Paris upon their request for experi¬ 
mental purposes, and two or three barrels of Virginia May wheat to the 
London Board of Agriculture. Washington, lie relates, received seed of per¬ 
ennial succory from the same French society, and he himself received from 
another member of it, seed of the famous Swedish turnip. Jefferson told of 
these exchanges in illustrating how well agricultural societies functioned 
with mutual respect despite the wars between their respective countries. 70 

International trade in plant products also received consideration. In dis¬ 
cussing such commerce with Portugal, Jefferson expressed the opinion to 
John Adams that flour could he sold to that country for less than wheat 
because in shipping the latter, the bran, which did not pay its own freight, 
also had to be carried, and much was lost in transit because of weevils and 
heat in the holds of vessels. With further reference to trade in plant products 
with Portugal, he continued: 

“Coffee. Can they not furnish us with this article from Brazil? 

Sugar. The Brazil sugars are esteemed, with us, more than any other. 

Chocolate. This article, when ready made, as also the cocoa, becomes so 
soon rancid, and the difficulties of getting in fresh have been so great in 
America, that its use has spread but little. The wav to increase its consump¬ 
tion would be, to permit it to be brought to us immediately from the country 
of its growth. By getting it good in quality, and cheap in price, the superi¬ 
ority of the article, both for health and nourishment, will soon give it the 
same preference over tea and coffee in America, which it has in Spain, where 
they can get it by a single voyage, of course, while it is sweet. The use of the 
sugars, coffee, and cotton of Brazil, would also be much extended by a similar 
indulgence. 

Ginger and spices from the Brazils, if they had the advantage of a direct 
transportation, might take the place of the same articles from the East 
Indies. 


Letter to Mr. Hopkinsou, December 23, 178b (13, VI, $t). 
o** Letter from Win, Strickland, May 28, 179b (15, 61). 

7u Letter to John Hollins, February 19, 1809 (13, XII, 
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Ginseng. We can furnish them with enough to supply their whole demand 
for the Bast Indies.” 71 

RESUMES 

In any attempt to evaluate Jefferson's |)osition in the history of Ameri¬ 
can agriculture, one must take into consideration the pioneering aspects of 
his husbandry and their influence on his contemporaries, rather than look for 
any outstanding yields in the crops which he produced. He was among the 
first in the New World to initiate the elevation of farming to a science, to 
experiment with new crops and new techniques, and to keep records of his 
activities. Rotation of crops as a means of preserving soil fertility was 
scarcely known in America before he and a few other enterprising farmers 
of the day adopted it as a fundamental element in their husbandry. It is 
because of these innovations as well as others, not at all discussed in this 
study, such as his introduction of Merino sheep and his construction of a 
prize-winning mold-board, that among the praises written of him in his rela¬ 
tion to agriculture, we find that “lie did more for its promotion than any 
other statesman that ever lived, and deserves to be the perpetual Emeritus 
President of the Patrons of Husbandry,” and that if he “had done nothing 
else save to aid man’s knowledge of agriculture, he would have been a bene¬ 
factor. 9 9 

(The second and third parts of this study as well as the bibliography will appear 
in later issues of the Bulletin.) 

The New York Botanical, Garden 
New York 


71 Letter to John Adams, November 27, 178.1 (33, V, sj*). 
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THE MORPHOLOGY OF SPHAEROSTILBE AURANTIICOLA 

(B. & BR.) PETCH 1 2 5 

E. 8. Luttrell 

Sphaerostilbe aurant iicola belongs among the llypocreales. It was de¬ 
scribed as Nectria aura nt iicol a in 1873 by Berkeley and Broome from 
material collected in (V.vlon on scale insects parasitizing orange twigs. In 
1921 Fetch (22) transferred it to the genus Sphaerostilbe. Although the 
name Nectria auranl iicola is antedated by Sphaerostilbe voccophila , which 
was applied to the peritheoial stage by the Tulasues in 1861, the latter name 
was discarded by Fetch. The Tulasues had based their description upon 
peritheeial material from Italy and connected it with the conidial form 
Micron ra voccophila which Desmazieres had described in 1848 from a col¬ 
lection on scale insects in France. Fetch found, however, that perithecia 
were present in the specimens upon which Desmazieres had based Micro - 
ccra coccophila and that they belonged to Sphat rostilbe flammed Till. 
Sphaerostitbc coccophila was. therefore, a composite species consisting of the 
conidial stage of one species and the peritheeial stage of* another. In order 
to avoid confusion Fetch selected Sphat rosf itbc aurant iicol a as the correct 
name. This is, perhaps, a doubtful basis for the rejection of the name first 
applied to the peritheeial stage of the fungus, but since Fetch’s usage appears 
to have gained acceptance, it is employed herein. 

Sphaerostilbt auranttieola occurs throughout the world as a parasite upon 
various species of scale insects. Fetch (22) examined collections of it from 
France, Italy, Madagascar, Ceylon, India, Formosa, Japan, Dominica, and 
the l’nited States. In Florida alone it has been reported (Watson and 
Berger 28) upon thirteen species of scale insects. 

Tt is of importance in the biological control of scale insects—especially 
the San Jose scale-* on fruit trees in Florida. Its importance in this respect 
was first recognized by Rolfs (2*1) in 1897. hi certain Florida orchards 
ou some trees which previously had been severely infested with Sail Jose 

* Paper No. 124, Journal Series, Georgia Agricultural Experiment Station. 

2 Specimens of the fungus, collection No. 5002, and slides representative of the series 
upon which this study was based have been deposited in the Farlow Herbarium, Harvard 
University. A culture, No. 76, has been deposited in the American Type Culture Collec¬ 
tion, Georgetown University School of Medicine. 

* I am indebted to Dr. B. B. Higgins, Georgia Agricultural Experiment Station, Dr. 
B. O. Dodge, New York Botanical Garden, and Dr. F. A. Wolf, Duke University, for 
examining the preparations and criticizing the manuscript and to Mr. *1. Gordon Futral 
of this Station for his advice and assistance in taking th» photomicrographs reproduced 
in figs. 1-13. 
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scale, he found that the scale had been almost entirely eliminated by tiphacro- 
stilbe aurantiicola. He recommended the introduction of the fungus into 
orchards in which it was not already present by tying branches bearing 
diseased scales to the infested trees or by spraying the trees with a suspension 
of conidia from nature or from cultures. This method of natural control 
of the San Jose scale has been successful in Florida because climatic con¬ 
ditions there favor the development of the fungus (Watson and Berger 28); 
elsewhere it lias not been of much consequence. Smith (24) obtained the 
fungus from Rolfs and introduced it into New Jersey where it spread but 
pi’oved to be a failure in control of the scale. Earle (8) reported that in 
Alabama, because of the dry climate, the fungus was not active enough to 
control scale efficiently. Forbes (10) early stated that it gave promise of 
being effective in the control of the San Jose scale in Illinois, but in later 
reports he made no mention of it. 

Although no attempt has been made to utilize the fungus in the control 
of scale insects in Georgia, in the vicinity of the Georgia Agricultural Ex¬ 
periment Station it is commonly present on obscure scale \ChrysomphaIus 
obscurus (Comst.)l on water oak (Qitarux iti<jra L.). Since it was avail¬ 
able in all stages of development, a special morphological study of it was 
made. The present report is concerned primarily with the development of 
the perithecium of Sphacrostilbc aimnitncola and a comparative review of 
the published accounts of perithceial development in other species of IIvpo- 
creates. Accounts of the taxonomy, gross morphology and biology of this 
fungus may be found in papers by Fetch (22) and Rolfs (23). 

METHODS 

Infected scales were stripped from the bark or else a thin layer of hark 
bearing the scale was shaved from the infested branch. The fixative em¬ 
ployed was Formalin-proprionic-alcohol solution (70 */t ethyl alcohol. 90 
parts; proprionic acid, 5 parts; Formalin, 5 parts). The fixed material was 
washed in 70 per cent alcohol, passed through a graduated series of tertiary 
butyl alcohols, and embeded in 60 degree Tissuemat. Serial sections were 
cut at a thickness of 8 microns. The sections were treated with 1 per cent 
chromic acid, stained in a fresh solution of Haidenhain’s haematoxylin, 
differentiated with a saturated solution of picric acid, and mounted in bal¬ 
sam. Some were counter-stained with fast green dissolved in clove oil, but 
these were not superior to sections stained with haematoxylin only. In addi¬ 
tion, freehand sections and smears of fresh and fixed material mounted in 
water or ip laetophenol containing 1 per cent cotton blue were studied. 
Drawings were made with the aid of an Abbe camera lucida. Photomicro¬ 
graphs were taken with a Leitz Makam photomicrographs apparatus on 
irfedium lantern slide plates. 
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TIIE CONIDIAL STAGE 

The first macroscopic sign of infection of the scale insect is the appearance 
of coniflial fructifications. These are abundant throughout the year but are 
most conspicuous during periods of rainy weather in spring or in late fall. 
The fructifications are 0.5-1.5 mm. high. They may be stilboid in form, 
consisting of a short, whitish stalk surmounted by a broader, globular, 
orange conidial head. Generally, however, the stalk is poorly developed, 
the head being almost sessile (fig. 2). The commonest form is that illustrated 
in figure 1. The stalk is very short and broad, and the fructification is 
pulvinate rather than stilboid. The heads van' from 299-1035 y in height 
and from 390-1300 jj in diameter, while the stalks vary from 130 -65Q jj in 
length and from 234-780 in diameter. A whitish sheath, which is more 
conspicuous in dry specimens, surrounds the stalk and envelops the basal 
part of the conidial head. When dry the surface of the head, especially in 
older fructifications, is often flat or slightly cupulate, and the sheath may 
1 heu appear as a fringe around the margin of the discoid head. When 
moistened, the head swells, becomes convex, and protrudes from the sheath. 
According to Fetch (22), the sessile or pulvinate form of fructification is 
characteristic of the fungus in temperate regions. In the tropics they are 
larger, better developed, and almost always stilboid. From one to sixteen 
conidial heads may develop on a single scale; usually from two to eight are 
produced. They project from the margin of the scale, forming a ring par¬ 
tially or completely surrounding it. The bases of the stalks are sometimes 
united by a stromal band that barely protrudes from beneath the scale. The 
conidial head may also push through the surface of the scale at any poiut. 

Sections of infected scales show that when the conidial heads appear the 
fungus lias completely destroyed the body of the scale and filled the space 
between the resistant shield of the scale and the bark with a plectenehyma- 
tous stroma (figs. 1,3). The fungus does not penetrate the bark but attacks 
only t lie scale. Its stroma is composed of hypliae of varying diameters 
which are irregularly and intricately interwoven. The hyphal cells are 
cylindrical, their cytoplasm is vacuolate and granular, and each contains 
a single conspicuous nucleus. The conidial fructifications are initiated as 
protuberances of this stroma. Toward the apex of the protuberance the 
hypliae become arranged paralied to its axis and separate above to form a 
fascicle of slender branching conidiophores which are 2.5-5.0 \\ in diameter 
(fig. 2). In the hypliae of the stalk and in the conidiophores the cytoplasm 
is denser and the nuclei are more deeply staining than in the remainder of 
the stroma. In the hasa] part of the head the conidiophores are often joined 
to one another by ladder-like connections. Cornelia are abstracted singly 
from the tips of conidiophores. In the formation of a conidium the tip of 
the terminal eell of a conidiophore elongates and increases in diameter. Its 
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nucleus divides, one daughter nucleus remaining in the base, the other 
migrating into the elongating tip* A constriction appears at the base of 
the enlarged terminal portion, and finally a cross wall is laid down in the 
constriction, cutting off the uninucleate, fusiform young eonidium (fig. 38) 
which has now reached almost its mature dimensions. By division of the 
primary nucleus the eonidium becomes binucleate, Further nuclear divi¬ 
sions and the formation of cross walls were not observed, but the eonidium 
ultimately is divided into 4-11 uninucleate cells. The appearance of conidia 
divided by four transverse walls into cells much longer than those of mature 
conidia indicates that cross walls are formed immediately after eaeli nuclear 
division. Masses of conidia are thus formed in the apex of the head. The 
mature conidia are 3-10-septate (the majority 5-8-septate) and measure 
64-100x5.6-8.4 p. They are hyaline, fusiform, straight or more often 
curved, and acute at the tips. The proximal end is generally somewhat 
falcate; the distal end is almost straight (fig. 38). 

The peripheral layer of hvphae in the stalk remains sterile and extends 
upward as a sheath surrounding the fascicle of conidiophores. In the 
apical portion the sheath is sometimes divided into triangular teeth appressed 
to the sides of the eonidial head. More often, however, the teeth are not dis¬ 
tinct, and the sheath terminates in an irregular fringe of liyplme. This 
observation is in agreement with Fetch’s (22) description, lie found in 

Explanation of figures 1-14 

All figures photomicrographs. Fig. 1. Gonidial fructification of Spltannshlbt nmnn 
tucola on Chrysomphalus obttcunis. * 40. Fro. 2 Young eonidial heads growing out from 
beneath tlje margin of the scale. x40. Fig. .‘1. A eonidial head with a group of perithecial 
initials in various stages of development lying in the stroma immediately beneath. The 
central cavity has been developed in the young peritheeimn on the lower right. > 40. Fto. 4. 
'An ascogonium embedded in the stroma. < 1000. Fiu. 5. An aseogonium surrounded In 
concentric layers of vegetative hyphae which will form the perithecial wall. * 1000. Flu. 
0. Young peritliecium. A wall formed by vegetative hvphae encloses the ascogonium. 
*400. Fig. 7. Perithecium showing the oiigin of the vertical hyphae from the inner 
portion of the perithecial wall. The basal part of the perithecial cavity is occupied b\ a 
mass of ascogonial cells which are being emptied of their contents, x400. Fig. ft. Pen 
thecium in which the vertical hyphae have formed a palisade of parallel hyphae growing 
downward from the apical portion of the wall. A few 2-4 nucleate cells are scattered 
among the empty ascogonial cells, x 400. Fig. 9. Perithecium in which the vertical 
hyphae have almost filled the perithecial cavity. The remains of the emptied ascogonial 
cells are being crushed at the base of the perithecium. The ostiole is being initiated in 
the apical region of the wall. xl00. Fiu. 10. Perithecium just prior to the formation 
of asei. The vertical hyphae have increased in diameter to fill the perithecial cavity and 
their tips have pushed into the base of the perithecium. Formation of the ostiole is m 
progress. xlfiO. FiG, 11. Perithecium with young, uninucleate «Hci growing upward 
among the vertical hyphae. The ostiole is almost completely formed, x 160. Fig. 12. 
Group of mature peritbecia partially embedded in the stroma. x40. Fig. 13. Mature 
perithecium with asci in all, stages of development. The vertical hyphae are disintegrat¬ 
ing. The ostiole is completely formed, x 160. Fig. 14. Portion of the hymenium showing 
a uninuclehte ascus among the swollen vertical hyphae. The binudeate cell at the base 
of the ascus is proliferating to form a second ascus by means of a crosier. * 1000. 
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specimens from tropical regions that the teeth of the sheath were well de¬ 
fined but that they tended to separate into their constituent hyphae in speci¬ 
mens from the temperate zone. 

DEVELOPMENT OF THE PERITHECIT7M 

Perithecia of Sphaerostilbe aurantiicola may develop at any time during 
the year when sufficient moisture is available. Perithecia initiated in the 
spring become mature during late spring or early summer. There is little 
further development during the dry summer months, but in the fall activity 
is usually resumed. As a result of rainy weather during the fall, perithecia 
were abundant in November and December of 1942. At this time perithecia 
in all stages of development were present on the infested branches. Indeed, 
a variety of stages could often be found in sections of a single infected scale. 
Most of the perithecia were washed away during the winter, but a few mature 
perithecia were still present the following spring. During the fall of 1943, 
however, no perithecia developed. This was probably because of long periods 
of dry weather during that season. 

The first indication of peritheoial development is the formation ot asco- 
gonia within the stroma. Ascogonia are produced in large numbers at the 
base of the conidiophores, in the periphery of the stalk below the eonidio- 
phores, and just below the surface of the stroma at the margin of the scale. 
They are just beginning to form at the stage of development illustrated in 
figure 1. A fully developed ascogonium is an intricate, compact coil of en¬ 
larged multinuleeate cells whose protoplasm is denser and more deeply- 
staining than that of the surrounding hyphae of the stroma (fig. 4). Each 
aseogonial cell contains from two to as many as twelve nuclei (fig. 34). 
Furthermore, the aseogonial nuclei are larger than those of the vegetative 
cells. The youngest ascogonium observed was a recurved hypha of several 
slightly enlarged, rather deeply staining, 1-2-nucleate cells, tapering at the 
base into an ordinary vegetative hypha (fig. 35). Apparently the asco¬ 
gonium originates from a branch of a vegetative hypha. In its formation 
the hypha becomes recurved and coils about itself, its cells enlarge, the proto¬ 
plasm becomes denser, and each cell becomes multinudeate by free nuclear 
division of the single original nucleus. Neither trichogynes nor spermatia 
or any sort of antheridial structures with which copulation could take place 
were observed. There was no evidence of fusions between ascogonia or be¬ 
tween cells of a single ascogonium. The nuclei usually do not appear to be 
arranged in pairs but are irregularly distributed in the aseogonial cells. 

The surrounding hyphae of the stroma now produee branches which coil 
about the ascogonium (fig. 5) and soon enclose it within a spherical envelope 
composed of several layers of concentrically arranged hyphae (fig. 6). 
This envelope increases in thickness and develops into the wall of the young 
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perithelium. At this stage the perithecia begin to protrude from the stroma 
(fig. 3), and are visible under the hand lens as tiny pimples clustered upon 
its surface. By continued growth of the hyphae constituting the wall a 
sehizogenous cavity is created in the center of the young perithecium. This 
cavity becomes filled as it develops, however, for the hyphae making up the 
inner layers of the wall give off branches which grow inward, their free tips 
directed toward the center of the perithecium (fig. 7). A difference in rates 
of growth of these hyphae is soon evident. Those arising from the base and 
sides of the perithecium grow relatively little, producing a small mass of 
plectenchymatous tissue in the base of the perithecium below the aseogonium, 
while those arising from the apical portion of the wall grow rapidly, keeping 
pace with the expansion of the wall and filling the perithecium with a pali¬ 
sade of simple hyphae arranged parallel to its longitudinal axis. Their 
attachment to the apical region of the wall is always clearly evident. Their 
free tips are directed toward the base of the perithecium and press down¬ 
ward against the ascogonium (figs. 8, 36). The terminal cells of these 
vertical hyphae remain densely filled with protoplasm, while the proximal 
(-ells lying toward the apex of the perithecium become vacuolate. The cells 
are uni- or binucleate (fig. 36). 

Meanwhile the ascogonial cells have continued to enlarge. Their proto¬ 
plasm moves to one side of the cell (fig. 36), and gradually they become 
emptied, appearing as a hyaline mass of large, thin-walled cells occupying 
the center of the perithecium. There is little indication that the protoplasm 
of the ascogonial cells is disintegrating; instead, it appears to be moving out 
of the cells. On the other hand, there was no clear evidence of the produc¬ 
tion of branches from the ascogonial cells into which their protoplasm might 
migrate. Because of the compact arrangement of the ascogonial cells, any 
branches arising from them would necessarily be extremely tortuous, and it 
is unlikely that the course of a branch could be followed in sectioned mate¬ 
rial. Occasionally an ascogonial cell with a protuberance which might 
represent the basal part of a branch the distal part of which had been lost in 
sectioning is found. Also, 2-4-nucleate cells provided with a dense cyto¬ 
plasm appear among the empty ascogonial cells (fig. 36). It seems prob¬ 
able that they are portions of ascogenous hyphae arising from the asco¬ 
gonium. This has not been demonstrated conclusively, however, and it is 
possible that the binucleate cells which appear among the ascogonial cells 
are derived from the deeply staining, often binucleate terminal cells of 
vertical hyphae wdiich have pushed in to the ascogonial coil. Although the 
ascogonial cells are long persistent, they are ultimately crushed by the down¬ 
ward growth of the vertical hyphae (figs. 9, 30). 

The peritheeial wall is now’ thickened and differentiated into tw Y o layers: 
an inner portion composed of 6 -12 layers of hyaline cells which are com- 
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pressed and flattened by the pressure resulting from the growth of the 
vertical hyphae within the peritheeium, and an outer portion of large, thick- 
walled, pigmented cells. About the time that the aseogonia disappear the 
ostiole begins to develop. In the thicker apical region branches of hyphae 
composing the inner portion of the wall turn upward and begin to grow 
more rapidly (fig. 9). Their upward growth produces a papilla, and by their 
pressure against one another the hyphae in the core of the papilla are sepa¬ 
rated, forming an ostiole lined with free hyphal ends (figs. 10, 11). 

While the ostiole is forming, the vertical hyphae within the peritheciuni 
continue growing until they extend to the bottom of the peritheciuni. Their 
tips press into the plectenchymatous tissue lining the basal portion of tin* 
perithevial wall so that they are attached both above and below (fig. 10). 
They now swell, and the protoplasm of their cells becomes thin and vacu¬ 
olate. Each cell contains one or several nuclei (fig. 37). In the pJectenchyma 
lining the base of the peritheeium among the tips of the vertical hyphae are 
bimicleate cells, appearing singly or in chains of two or three cells (fig. 37). 
These presumably are the ascogenous cells mentioned above as probably be¬ 
ing derived from the ascogonium. Whatever their origin, they now proceed 
to form asci by means of croziers. As the asci develop the peritheeium con¬ 
tinues to enlarge. The vertical hyphae separate and gradually disintegrate, 
leaving a cavity above the asei (figs. 11, 13). Even now their attachment to 
the apical portion of the wall is still clearly evident. Although they resemble 
paraphyses, in view of their origin, it is clear that they are not true para 
physes. They constitute a nurse tissue within which the asei develop. 
Paraphyses are never formed in Sphacrostilln aurantiicohi. As the asei ilia- 

k Explanation of figures 16-38 

Camera lucidu drawings. Fig. 38 to the scale shown in the same figure, all others to 
the scale shown in fig. 35. Fios. 15-32. Development of the ascus. Fid. 13. Initiation 
of crosier. Fig. 16. Crosier. The ultimate cell of the crosier has fused with, and its nu 
cleus has passed into, the basal cell. Fig. 17. Young ascus prior to fusion of the two 
nuclei. Fig. 18. Young ascus in wdiicli the two nuclei ha\e fused. The binucleate basal 
cell js proliferating to form a second crosier. Fig. 19. Young ascus with enlarged fusion 
nucleus. Fig. 20. Early prophase of 1st division. Fig. 22. Late anaphase of 1st division. 
Fig. 23. 2-nucleate ascus. Fig. 24. Prophase of 2nd division. Fig. 25. Early anaphase 
of 2nd division. Fig. 26. 4 nucleate ascus. Fig. 27. Prophase of 3id division. Fig. 28. 
Telophase of 3rd division. Fig. 29. Eight-nucleate ascus. Fig. 30. Ascus in which 
cleavage furrows are cutting out eight ascospores. Each ascospore nucleus has already 
divided to form two daughter nuclei. Fig. 31. Ascus with young unicellular spores. 
Fig. 32. Ascus with eight almost mature two-celled ascospores. Fig. 33. Mature asco- 
spores after discharge from the ascus and stages in their germination. Fig. 34. Asco 
gonium embedded in the stroma. Fig. 35. Young ascogonium. Fig. 36. Section of 
young peritheeium showing the palisade of vertical hyphae growing downward into the 
perithecial cavity. 2 and 4*nuclente cells appear among the empty ascogonial cells. Fig. 
37. Section of the base of* a peritheeium in which asci are forming among the swollen 
vertical lfyphac. Fig. 38. Origin of eonidium from tip of conidiophore, mature conidia, 
and germination of conidia. 
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ture the inner hyaline portion of the wall is crushed and flattened against 
the darkened outer portion, leaving a relatively thinner wall enclosing au 
enlarged central cavity. The mature asci occupy the lower two-thirds of 
this cavity (fig. 13). They are 112-154 p long and 14-16.8 p in diameter. 
Each contains eight hyaline, elliptical to oblong, two-celled ascospores mea¬ 
suring 12.5-18.7 x 7.2-10 p. The ascospores are uniseriately arranged within 
the asci. 

Mature peritbecia are roughly spherical to ovate with a slight papilla 
penetrated by a poriphysate ostiole at the apex and are 273-377 p in diam¬ 
eter. They are pale-rose-colored when dry, but they become bright red when 
moistened. The peritbecia are usually clustered upon the stroma in which 
their basal portions are embedded (fig. 12), and they often are grouped 
around the old conidial fructifications. When only a few peritbecia are 
formed, they may appear scattered over the surface of the scanty stroma. 

Each peritheeium arises from a single aseogonium. The ascogonia arc 
numerous, however, and not all of them develop into peritbecia. Sections 
have been examined which showed an aseogonium being enclosed by the wall 
of another peritheeial initial in a more advanced stage of development. The 
included aseogonium was disintegrating. Another abnormality observed was 
produced from two perithecia developing in proximity. Their adjacent walls 
had fused and become compressed and partially disintegrated. Although the 
two perithecia possessed one common peritheeial cavity, each formed its 
separate ostiole. 

CYTOLOGY OF THE ASOTTS 

The asci of Sphaerosiilbe aurantiicola arise from bimicleate cells in the 
pleetenchyma lining the base of the perithecium. Although slightly bo vied 4- 
nucleatc cells whose appearance suggested that of croziers were observed 
arising from the aseogenous cells (fig. 37), no structures which could be 
identified positively as croziers were found in the stained sections. Recourse 
was, therefore, had to smears and mounts of perithecia teased apart. In such 
mounts it was occasionally possible to demonstrate the presence of croziers. 
In the production of au ascus a bimicleate aseogenous cell elongates and 
becomes bowed while the two nuclei divide to form four (fig. 15). This four- 
nucleate cell is now divided by two cross walls into a basal uninucleate cell, 
an apical uninucleate cell, and a median binucleate cell. The apical cell re¬ 
curves and fuses with the basal eell, and its nucleus passes into the basal 
cell (fig. 16). The median cell elongates to form the young binucleate ascus 
(fig. 17), while the now binucleate basal cell may proliferate to form a second 
ascus (figs. 14, 18). ; 

Thp two nuclei in the young ascus fuse to form a single larger fusion 
nucleus. Initially-the fusion nucleus is homogeneous (figs. 18, 19), but as it 
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enlarges its structural detail becomes evident (fig. 20). The nuclear mem¬ 
brane, a single conspicuous nucleolus, and several chromatin threads may be 
distinguished. No centrosomes were observed in the interphase nuclei nor 
during the prophase. The next stage observed was a metaphase of the first 
division (fig. 21). The spindle lay in a clear area in the cytoplasm, oriented 
parallel to the longitudinal axis of the ascus and was no longer than the 
diameter of the original nucleus. The nucleolus had disappeared. Tiny black 
masses observed at either end of the spindle probably represent centrosomes. 
At the equator of the spindle were two chromatic masses each of which pos¬ 
sibly comprised two chromosomes since, as will be noted later, two such masses 
were observed migrating to each pole during the anaphase of the second 
division. It is probable that the chromosome number is two although the 
smallness of the division figures makes certainty of this impossible. At any 
rate, the chromatin masses move to the poles while the spindle elongates and 
appeal's as a dark strand between the two masses (fig. 22). Prom these two 
chromatin masses two daughter nuclei are reorganized. The interphase nuclei 
are small and homogeneous (fig. 23). As they prepare for the second division 
they enlarge, although even so their diameters are less than half that of the 
primary fusion nucleus. In the prophase the nuclear membrane, chromatin 
threads and nucleolus are once more discernible (fig. 24). The next stage 
observed was an anaphase of the second division showing two spindles 
slightly oblique in orientation to the ascus. In each figure there were two 
chromosomes passing to either pole (fig. 25). The four nuclei reorganized 
from the second division were also small and homogeneous (fig. 26). As they 
entered the prophase of the third division they enlarged slightly and their 
internal structure became apparent (fig. 27). The only stage of the third 
division observed was a telophase (fig. 28) in which the position of the eight 
chromatin masses indicated that the orientation of the spindles had been 
oblique. 

After the third division of the fusion nucleus, eight homogeneous daugh¬ 
ter nuclei are reorganized (fig. 211). Cleavage furrows then cut out an ellip¬ 
tical ascospore around each nucleus. There was no evidence that astral rays 
function in the delimitation of the aseospores. Each nucleus divides imme¬ 
diately, often before the outlines of the ascospore are clearly visible, to form 
the two nuclei of the ultimately two-celled ascospore (figs. 30, 31). An oil 
globule now forms at each end of the ascospore. The two nuclei migrate 
toward opposite ends of the ascospore, and a cross wall is laid down, dividing 
the spore into two cells. The oil vacuoles enlarge, and the cytoplasm becomes 
granular and filled with chromatic masses so that the nucleus is obscured 
(fig. 32). The interval between the uninucleate ascus and the formation of 
spores must be short, as it was difficult to find intermediate stages. 
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SPORE GERMINATION AND GROWTH IN CULTURE 

Cultures of Sphtrerostilbe aurantiicola were obtained from eonidia by 
streaking a conidial suspension upon agar plates and from ascospores by 
suspending mature peritheeia from the top of a Petri dish so that the spores 
were discharged upon the agar below. Both types of spores germinated over¬ 
night although the eonidia germinated more rapidly than did the ascospores. 
Any of the three to twelve cells of the conidium may produce a single germ 
tube (fig. 38). Usually, several germ tubes originate from each conidium. 
Often certain cells in the conidium, either terminal or intercalary, appeared 
narrower and less swollen than the remainder of the cells. This apparently 
is of no significance, since the narrow cells produced germ tubes as readily 
as the swollen cells. Conidia produced in masses in cultures in which the 
nutritive medium is already covered by mycelium may germinate to form 
secondary eonidia similar to the primary conidia. Secondary conidia are 
probably produced similarly in nature by conidia that fall upon substrates 
unfavorable for their growth. In germination either cell of the ascospore 
may produce a single germ tube. One or two germ tabes arise from each 
ascospore (fig. 33). 

The fungus was cultured on potato dextrose agar, malt agar, and on 
acidulated bread, as suggested by Rolfs (23). It grew equally well on all 
three media. The average rate of growth at room temperature as determined 
from measurements of fifty-three colonies in three series of experiments 
conducted at different times was 0.782 mm. per day. The differences in rates 
of growth of colonies kept in total darkness and those given various daily 
exposures to light from five minutes to a full day were extremely slight and 
variable. Tt is concluded that light has no effect upon rate of growth in 
culture. 

Although light has no influence upon rate of growth, it does have a pro¬ 
nounced effect upon character of the mycelium produced. In cultures main¬ 
tained in total darkness the mycelium is thick and fluffy, forming sharply 
delimited pulvinate colonies, while in those exposed to light it grows closely 
appressed. This difference in type of growth results in distinct donation in 
colonies kept in the laboratory where they w T ere exposed to daily alternations 
of light and darkness. Colonies kept in total darkness and removed for mea¬ 
surement every two days also exhibited zonation, although there were only 
half the number of concentric rings in these colonies as in those exposed 
to natural illumination. The brief exposure to light of not more than ten 
minutes every forty-eight hours necessary for making measurements whs 
sufficient to induce zonation. 

Light modifies also the production of conidia in culture. Colonies kept in 
total darkness for one month produced no eonidia, while 4 those exposed to 
light developed conidia within eight days. Experiments in which series of 
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cultures of five each were kept in total darkness or exposed to the light 
from a north window of the laboratory for periods of five, fifteen, thirty, 
and sixty minutes daily showed that exposure to light for as short a period as 
five minutes daily resulted in the formation of eonidia. The eondidia are 
formed in orange masses lying in concentric rings corresponding to the 
donation of the mycelium. They are identical with those formed in nature, 
and no other spore form is produced. Penicilliuin-like spores described by 
Rolfs (23) have not appeared in my cultures. 

A few scattered perithecia formed in old cultures on potato dextrose 
agar, but these never produced ascospores. 

PEKITHEOIAL DEVELOPMENT IN THE HYPOOREALK8 

Archicarps. Initiation of perithecia without the intervention of arclii- 
carps has been reported for only two species of Hvpocreales, NectrUi Ipo- 
mocae Halst. \Hypontyas Ipomocae (Halst.) Wr. | and Ncctria galligena 
Bros. Cook (5) was unable to find them at any stage in the development of 
perithecia of Ncctria Ipontocaf, According to Cayley (4), the perithecium 
of Ncctria yat Hyena originates as a globular mass of vegetative hyphae 
which becomes differentiated into a perithecial wall and a central tissue of 
thin-walled cells. Later an ascogonium develops within the young perithe- 
cium. It seems probable that in these two species the early stages of asco- 
gonial formation have been overlooked, for in all other species the perithecium 
is always initiated by an archicarp Furthermore, there is considerable uni¬ 
formity in its structure in the various species. As in Spha(rostdbc auran - 
tiicola , it is usually in the form of an ascogonium composed of a coil of en¬ 
larged binucleate or multinucleate cells differentiated from the vegetative 
eells by their larger size, their more deeply staining protoplasm, and the 
number and size of their nuclei. Such ascogonia have been described in 
N(dria Ribis (Tode) Rabenh. (Vincens 27), Hypocna gdatntosa (Tode) 
Fr. (Vincens 27), Thyroncctna dentyrata (Wint.) Seaver (Lieneman 16), 
Pfckiclla tatnitia (Fr.) Maire (Moreau 20), Cord yaps uyarieifonnia 
(Bolt.) Seaver (Jenkins 14), Cordyaps militarts (L.) Link (Varitehak 25, 
26), ('lariccps microcephala (Wallr.) Tul. (Vincens 27), Ctanceps purpurea 
Till. (Killian 15), and EpichUn Bambusac Pat. (Gaumann 12). The asco¬ 
gonium of Polystigma rubrnm IX 1 . (Nienburg 21) is similar except that it 
terminates in an elongated trichogyne. 

Origin and Sexuality of Archicarps. In all species studied, whether 
their mature perithecia are immersed within a well-developed stroma as in 
Ilypocrca , Claviccps, and Epichloc or merely clustered upon the surface of 
a stroma as in Sphacrostilbc and Thyro ncctria, the ascogonia are formed 
within a stroma. Formation of the ascogonium generally seems to be similar 
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to the process described in Sphaerostilbc aurantiicola. A branch of a vege¬ 
tative hypha enlarges, becomes more deeply staining, and coils. The cells 
become multinucleate by free nuclear division. Generally there are no fusions 
between ascogonia, between cells of a single aseogonium, or between ascogo- 
nia and other reproductive structures. Polystigma rubrnm (Nienburg 21) 
and Epiehloe Bambusae (Gaiim&nn 12) are to be noted as exceptions in 
which fusions between cells of the aseogonium have been reported. Fusion 
of the aseogonium with an antheridimn has been described in Clarice p s 
purpurea (Killian 15), Clark eps microccphala , and Hypocrca gelatmosa 
(Vincens 27), Although Polystigma rubrnm produces spcrmatia coinciden¬ 
tally with the ascogonia, the spcrmatia at present are considered to be non¬ 
functional. Early observers (Fisch 9, Frank 11) believed the spcrmatia and 
trichogynes to be functional, but later workers have disagreed. Blackman 
and Welsford (2) were unable even to trace the trichogvne to the surface 
of the stroma; and while Nienburg (21) fouud that the tip of the trichogyue 
projected from the surface of the stroma, he also considered it to be non¬ 
functional, Lack of accord in the observations of different mycologists upon 
the same or related species shows that satisfactory cytological evidence for 
the functioning of supposed sexual organs is often difficult to obtain Con¬ 
sequently, some doubt must exist as to the extent of the occurrence of sexual 
fusions in the Hypocreales. 

The problem of sexuality may be more successfully attacked in hetor- 
othallic species in which the results of geuctical experiments may be com* 
lated with cytological evidence. Heterothallism has been reported in several 
species of Hypocreales; but, unfortunately, the morphological basis of sex¬ 
uality in these species has not yet been determined. Dimock (7) described 
the occurrence of two mutually compatible, hermaphroditic but self-sterile 
strains in Hypomyccs Ipomoeae (Halst.) Wr. When cultured from mono- 
sporous isolations, each strain produced perithecial initials, but these did not 
develop into mature peritheeia. When opposite strains were mated, however 
peritheeia developed. Dimock (7*) found also that he could induce formation 
of peritheeia by placing a suspension of mieroeonidia from one strain upon 
the mycelium of the opposite strain. “ . . . , peritheeia developed only on 
those portions of the colony which had actually been wetted by the micro- 
conidial suspension. When single drops of spore suspension were added, 
peritheeia developed only within the limits of the drop.” Hypomyccs rose /- 
lus (Alb. & Schw,) Tul. (Zycha 29) and Hypomyccs Solam f. Cucnrbita< 
(Hansen & Snyder 13) also have been proved to be heterothallie. Careful 
morphological studies of these heterothallie species will probably demon¬ 
strate the presence of functional trichogynes which fuse with either micro- or 
maeroeonidia. 
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Perithecial WalL Whatever the sexual nature of the aseogonia, it is 
certain that they are the centers around which the porithecia develop. Only 
a single aseogonium may be involved in the formation of a perithecium, as 
in Nphaerostilbe aurantiicola , or as many as three distinct aseogonia may 
function in the formation of a single perithecium, as in Cordcyceps agaric i- 
fonnia (Jenkins 14). The aseogonia early become invested by layers of 
sterile hyphae which may originate from the ascogonial stalks or from 
branches of the surrounding vegetative hyphae. This envelope of sterile 
hyphae surrounding the asoogonium increases in thickness, and by growth 
of its constitutent hyphae it expands to form a flask-shaped wall enclosing 
the perithecial cavity. At the apex a papilla penetrated by a schizogenously 
formed ostiole lined with periphyses develops. When the perithecia remain 
immersed within the stroma at maturity, the perithecial walls are sometimes 
not well developed. Vincens (27) states that the perithecial wall of Hypo - 
cv<(t gclatinosa is thin and poorly delimited at the periphery. This is true 
also of species belonging to the Claviceptaeeae. In the most extreme example 
described, Epichlm fyphina (Vincens 27), a perithecial wall is not developed 
at all, the expansion of the aseogenous hyphae and asci merely creating an 
nnwalled locule in the stroma. According to Brandriff (3), perithecial walls 
are lacking also in Acrospcrmum compnssmn Tode. 

Aseogenous Hyphae. As the perithecial wall forms, the aseogonia con¬ 
tinue their development within the perithecium. Generally, aseogenous 
hyphae arise as branches of the ascogonial cells. It is, however, often ex¬ 
ceedingly difficult to trace all of the stages in this process. My observations 
upon Sphm rostilbe aurantiicola incline me to believe that the aseogenous 
hyphae in this species are produced from the aseogonia, although it has been 
impossible to demonstrate this satisfactorily. The evidence obtained might 
be interpreted as indicating that the aseogonia disintegrate after serving as 
stimulatory organs for the intiation of the perithecia and tlicit the aseogenous 
hyphae arise subsequently from hyphae derived from the wall in the base 
of the perithecium or from the often binucleate terminal cells of the vertical 
hyphae. Both of these interpretations have been applied previously to vari¬ 
ous species. In Hypocrca gclatinosa (Vincens 27), PcckieUa latcritia (Mo¬ 
reau 20), Cordyccps agariformia (Jenkins 14), Cord yeips militaris (Varit- 
cliak 25, 26), Claviccps microcephala (Vincens 27), Vlaviccps purpurea 
(Killian 15), Epichloc typhiua (Vincens 27), and Ephichloc Bomba me 
(Gaiimann 12) reports indicate that the aseogenous hyphae arise from the 
aseogonia or from certain cells of the aseogonia. This appears to be true 
also of Ncctria gaUigcna although Cayley (4) in an ambiguous statement in¬ 
dicates that the aseogenous hyphae in this species arise do novo from hyphae 
in the base of the perithecium. On the other hand, Vincens (27) states that 
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in Nectria Ribis the aseogonia disintegrate completely and that ascogenous 
hyphae arise from ordinary hyphae in the base of the perithecium. A simi¬ 
lar process is reported by Blackman and Welsford (2) for Polystigma 
rvbrum. Nienburg (21), however, in a study of the same species found that 
the ascogonium does not disintegrate completely but that one cell of the 
ascogonium continues its development and gives rise to ascogenous hyphae. 
Although it is possible that in some species of Hypocreales the ascogonia 
may no longer be functional in the production of ascogenous hyphae, never¬ 
theless, the difficulties in tracing their development may be responsible for 
the conclusion that they are functionless. 

Paraphyses. According to Miller’s (18) definition of a perithecium, an 
essential characteristic is the presence of paraphyses in the centrum. This 
is true of Nectria galligena (Cayley 4) and Hyomyces aurantiius (Vincens 
27)1 Paraphyses are present also in Thyronevtna denigrata (Lieneman 16), 
but they are unusual in that, while they arise from the base and sides of the 
perithecium, they are branching anastomosing structures embedded in a 
gelatinous matrix. No mention of paraphyses is found in the papers of Black¬ 
man and Welsford (2) on Polystigma rub rum and of Moreau (20) on P< ch¬ 
id la latcritia. Paraphyses are not, however, uniformly present m the Hypo¬ 
creales. Paraphyses do not occur in the perithocia of the Clavieeptaceae in¬ 
cluding the species mentioned above under the genera Cordyctps 9 ('laviccps 
and Epichloc. In these species the ascogenous hyphae occupy the basal portion 
of the perithecial cavity, and the asci grow up into the cavity as it develops 
Paraphyses are lacking also in Hypomyces rose!Ins (Zvcha 29). According 
to Cook (5), the perithecia of Nectria Ipomoeat are aparaphysate. The young 
perithecium is filled with a mass of thin-walled pseudoparenchyma. Asci 
originate in the base of the perithecium and push up into this pseudoparen- 
cliyma which is crushed and disintegrated as the asci mature. In Sphacro- 
stilbe aurantiicola the perithecial cavity is filled by a mass of vertical h\ pliae 
originating from the ostiolar region of the perithecial wall. The resemblance 
of these hyphae to the vertical hyphae in the ascocarp of tiporormia lcpo¬ 
rt na Niessl. as described by Arnold (1) is worthy of mention. The latter have 
been considered pseudoparaphyses by Miller (19). Since pseudo paraphyses 
have been reported only in species with stromatic ascoearps which presum¬ 
ably lack perithecial walls and since the nature of pseudoparaphyses is not 
yet clearly understood, it seems advisable at present to designate the pali- 
sade-like mass of vertical hyphae in the perithecium of Sphat rostillx auran¬ 
tiicola simply an aseal nurse tissue. The type of perithecium illustrated by 
Sphaerostilbe aurantiicola is not unique among the Hypocreales. My own 
unpublished observations indicate that the perithecium of Crconectria pur¬ 
purea (L.) Seaver has a similar structure. In addition, Vincens 7 figure of an 
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early stage of perithecial development in Nectria Ribis (27, fig. 40) shows a 
striking resemblance to my figure 36. of Sphaerosiilbe aurantmola. Here 
also may be seen the palisade of vertical hyphae growing downward from the 
ostiolar region of the wall to fill the perithecial cavity. Vincens states that 
later true paraphyses originate in the base of the perithecium, but his fig. 
41 of a perithecium in which asci are developing shows the perithecium 
still filled with vertical hyphae attached to the apical part of the wall. He 
records a similar condition of Hypocrca gelatinosa (27). 

Crozier Formation. Accounts of the origin of the asciis are at variance. 
Vincens (27) stated that no croziers were observed in Hypomyces aurantiius 
or in Nectria Ribis. In Claviccps microcephala and Epichloc fyphina (27) 
lie described the asci as originating from direct outgrowths of binucleatc 
cells, but Dangeard (6) found that in the latter species asci are formed from 
croziers. Jenkins (14) reported that the asci of Cordyccps agariciformia 
may be formed either from croziers or directly. Croziers have been described 
in Peckiella lateritia (Moreau 20), Thyronectria denigrata (Lieneman 16), 
Hypomyces Tluryanus (Maire 17), Cordyccps mititaris (Varitchak 25, 26), 
(Uariceps purpurea (Killian 15), and Epichloc Bauibusae (Gaiimann 12). 
Formation of asci from croziers was observed in Sphacrostilbc aurantiicola 
if the hyrnenium was teased apart although it was impossible to demonstrate 
them satisfactorily in sectioned material. This indicates that it might be pos¬ 
sible to demonstrate croziers in other species in which they have not been 
observed if proper methods were employed. It is probable that formation 
of asci from croziers is characteristic of the order. 

Cytology of the Ascus. In the few species of llypocreales upon which 
studies of the cytology of the ascus have been made there is the usual fusion 
of two nuclei in the young ascus to form a single fusion nucleus which en¬ 
larges and undergoes three successive divisions. There is no evidence of nu¬ 
clear fusions other than those which occur in the young ascus at any stage 
in the life history of any species studied. Consequently, there is probabli 
only a single meiosis prior to spore formation in the ascus. The division fig¬ 
ures are small, and it is difficult to distinguish chromosomes with certainty. 
Chromosome counts have, however, been made previously for three species. 
According to Maire (17) the chromosome number of Hypomyces Thiryauus 
is four. The counts of Jenkins (14) upon Cordyccps agricifonnia and of 
Varitchak (26) upon Cordyccps mititaris agree with my own upon Sphaero- 
stilbc aurantiicola . In these three species the chromosome number appears to 
to be two. In Sphaerosiilbe aurantiicola as in Cordyccps agariciformift 
(Jenkins 14) there is no evidence that astral rays function in spore delimi¬ 
tation. Cleavage furrows resulting from vacuolization cut out the ascospores. 
The ascospores of Hypomyces Thiryauus (Maire 17) and of Cordyccps 
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miUtaris (Varitehak 26)* however, have been reported to be delimited by 
astral rays. Observation of such structures may be conditioned by the tech¬ 
nical methods employed. 

DISCUSSION 

Prom a consideration of the preceding review of perithecial development 
iu the Hypocreales it seems that at least the following five types of ascocarp 
may be recognized in this order: 

1. Asci formed in perithecia consisting of a perithecial wall perforated 
by a periphysate ostiole and lined iu the basal region with a hymenium of 
paraphyses and asci. Nectria galligena , Hypomyccs aurauiiivs , Thyroncctria 
denigrata. 

2. Perithecial wall and ostiole present, paraphyses lacking, perithecial 
cavity filled with a palisade of simple hvphae growing downward from the 
apical region of the perithecial wall and forming a nurse tissue for the asci 
which grow up among them. Sphacrostilbe aurantiicola , Nccfria Ribis (?), 
Hypocrea gclatinosa (?), Creonectria purpurea. 

3. Perithecial wall and ostiole present, paraphyses lacking, asci formed 
within a pseudoparenchymatous tissue which fills the young perithecium 
and disintegrates as the developing asci push up into it. Nectna Iponwcac. 

4. Perithecial wall present but often poorly developed, ostiole present, 
paraphyses lacking, asci filling the perithecial cavity as it develops, Cordy- 
ccps miUtaris , Cordyccps agariciformia , Clariccps pnrpuna, ('laciccps mi - 
crocephala , Epichloc Bambusac . 

5. Asci formed in locules within a stroma, arising iu groups within the 
stroma and by their growth creating the locules, perithecial wall, ostiole, and 
paraphyses lacking. Epichloc typhina. 

Miller (19) has given the following definition of a perithecium: “True 
perithecia with walls that arise from the basal cells of the arehiearp, the 
upper wall cells proliferating upward to form a definite ostiole, asci forming 
a wall layer, interspersed with true periphyses in the ostiolar canal.” In 
another paper (18) he stated, “When there is a true wall there is no pseudo- 
parenchyma in the cent rum, there are true paraphyses and periphyses, con¬ 
cave hymenial layer, and the ostiolum is sehizogenous in type.” While this 
definition is satisfactory for the majority of perithecia, there are many varia¬ 
tions in perithecial structure which it does not recognize. It is evident that 
the type of centrum described by Miller is not characteristic of all perithecia. 
Upon the basis of structure of the centrum, perithecia of species in the 
Hypocreales may be separated into four groups illustrated by the above 
mentioned types 1, 2, 3, and 4. 

The only character common to all perithecia is the perithecial wall pene¬ 
trated by a schizogenously-formed, periphysate ostiole. In some species the 
wall may be derived entirely from the stalk cells of the arehiearp; in others 
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it is certainly derived, at least in part, from adjacent vegetative hyphae. 
In either case formation of an archicarp is generally the stimulus for the 
initiation of the peritheeial wall. Cayley’s (4) observations upon Neefria 
galUgcna suggest,'however, the possibility that in some species peritheeial 
wall may be initiated prior to the formation of archiearps. The peritheeial 
walls of some species are not well developed. In Epichloe typhina, the species 
upon which the above type 5 is based, they are lacking entirely. Yet in 
characteristics other than the presence of a peritheeial wall (nature of the 
stroma, development of asci, and type of ascospores) it is clearly related 
to the Clavieeptaceae. In the Claviceptaceae, and possibly in other groups, 
there has apparently been a reduction in the peritheeial wail resulting in the 
production of strojnatio ascocarps. 

SUMMARY 

Sph(t<mstHbf aarantiicola (B. & Br.) Peteh is a Il.vpocrcaceous fungus 
which occurs throughout the world as a parasite upon various species of 
scale insects. It is of economic importance in the control of the Ran Jose scale 
in Florida. The present observations upon its morphology are based upon 
material from the obscure scale [Chrysomphalns ohsenrus (Comst.)J of 
water oak (Qucrcus nigra L.) in Georgia. 

The fungus completely destroys the body of the infected scale and forms 
a plectenehymatous stroma between the shield of the scale and the bark 
of its host. It does not penetrate the bark. 

Pulvinate or stilboid outgrowths of the stroma from the margin or 
through the surface of the scale produce clusters of eonidiophores which 
abstrict fusiform conidia from their tips. 

Perithccia are initiated by coiled ascogonia composed of enlarged, deeply 
staining, lmiltinucleate cells which are formed within the stromatic stalk be¬ 
low’ the conidial head or in the margin of the stroma. Branches of the sur¬ 
rounding vegetative hvphae invest the aseogonium to form the peritheeial 
wall. From the ascogonial cells arise ascogenous hyphae which later produce 
asci by means of croziers. The ascogonia disintegrate. No paraphyses are 
formed. Instead, the peritheeial cavity is filled by a palisade of vertical 
hyphae that grow downward from the apical part of the wall of the perithe- 
cium and form a nurse tissue for the asci. A periphysate, schizogenouslv 
formed ostiole develops at the apex of the perithecimn. At maturity the 
perithecia are clustered upon the surface of the stroma in which their basal 
portions are embedded. Although this type of peritheeial development has 
not previously been described, it evidently occurs in other species of Hypo- 
creales. 

Sphaerostilbc auraniiicola has been obtained in culture from both coni¬ 
dia and ascorpores. The character of the mycelium and the formation of 
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couidia m culture are dependent upon exposure to Jight. Light has no effect 
upon rate of mycelial growth in culture. 

From a review of the literature on peritheeial development in the Hypo- 
creates and a comparison of other species with Sphaerosfilbe aurantiicola it 
appears that five different types of ascocarpic structure may be recognized 
in this order. 

Georgia Agricultural Experiment Station 
Experiment, Georgia 
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THE CYTOLOGICAL EFFECTS OF BENZENE VAPOR 1 

C. A. Berger, E. R. Witkus and B. J. Sullivan 

During the past year the cytological effects of several alkaloids, growth- 
promoting substances, and other chemical agents have been studied in this 
laboratory* Several of these substances contained in their respective mole¬ 
cules one, two, or three benzene rings and it occurred to one of us 2 that the 
effect of benzene itself should be investigated. 

The common onion, Allium cepa , with the diploid chromosome number of 
sixteen, was used. Bulbs with young actively growing roots were placed on 
small beakers nearly tilled with benzene. After an immersion of one hour 
aceto-orcein smear preparations of the root tips revealed cytological effects 
strikingly similar to those of colchicine, acenaphthene, and other polyploidy- 
inducing agents. Spindle formation was inhibited, diplo-cliromosomes were 
formed, and tetraploid cells resulted. Liquid benzene was a powerful agent 
and roots treated by immersion for periods longer than one hour did not 
recover. It was noted, however, that young roots, too short to come into con¬ 
tact with the liquid benzene but growing in an atmosphere saturated with 
benzene vapor, developed the same type of cytological effects. Accordingly 
a now scries of experiments was made in which roots were subjected to ben¬ 
zene vapor for periods of from one to six hours. It was found that the roots 
dried after three hours exposure to benzene vapor but this difficulty was 
overcome by placing the benzene vessel and the bulb in a larger closed jar 
containing some water. Three hours treatment with benzene vapor was found 
to give the best results; marked effects were obtained and the roots m*o\eml 
and underwent further mitoses. 


OBSERVATIONS 

The most noteworthy effect of benzene treatment is a precocious separa¬ 
tion of chromatids and a clear demonstration of half-chromatids. This effect 
was more evident after treatment by immersion in liquid benzene than after 
subjection to benzene vapor. Many cytologists believe that somatic meta¬ 
phase chromosomes are quadripartite, consisting of two chromatids and four 
half-chrotnatids (see review paper of Nebel 1939), but visible evidence of 
this condition is difficult to obtain. In this material, after one hour of treat¬ 
ment with liquid benzene and no recovery period, the presence of half¬ 
chromatids is unmistakable. At late prophase, prometaphase, and early meta- 
phase (figs. 1, 2, 3) chromatids are widely separated on both sides of the 

1 Aided by a grant from the Penrose Fund of the American Philosophical Society. 

2 Dr. E. R. Witkus. 
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undivided SA-region (spindle attachment region) and are relatioually 
coiled. In favorable preparations each chromatid is clearly seen to consist of 
two threads (figs, 1, 2, 3). Sister half-chromatids appear to be in paranemic 
relationship but the smallness of the structures does not permit absolute 
certainty on this point. 

Other effects of benzene and benzene vapor are as follows. As with colchi¬ 
cine, acenaphthene, and other chemical agents the division of the SA-region 
is delayed by one hour of immersion in liquid benzene or from one to three 
hours of vapor treatment, and the metaplmse chromosomes continue to con¬ 
tract, forming typical diplo-chromosomes (fig. 4). This supereontraction 
may continue, resulting in very short, thick diplo-chromosomes with widely 
divergent arms as reported for colchicine-treated material (Levan 1938; 
Berger & Witkus 1943 and others). The SA-region eventually divides and the 
tetraploid number of chromosomes are scattered throughout the cell (fig. 5). 
The achromatic spindle is either prevented from forming or destroyed and 
there is no anaphase movement of the chromosomes, no daughter telophase 
nuclei, and no cell plate formation. The chromosomes, either scattered or 
loosely dumped, begin the reversion process which will result in a tetraploid 
resting nucleus. The chromosomes begin to despiralize and to assume the 
structural details of anaphase and telophase chromosomes (figs. 6, 7). Tetra¬ 
ploid telophase nuclei are frequently irregular in shape (figs. 8, 9). The 
above-mentioned effects are all found in material fixed immediately after 
treatment and allowed no period of recovery. 

Cells that were not in mitosis during treatment do not become polyploid 
and begin to divide as soon as the roots are placed in water. Many diploid 
mitoses are found in the first hour of recovery. Cells that were in division 
(tyring treatment and had become tetraploid do not undergo mitosis during 
the first three days of recovery but after that period tetraploid mitosis is 
found. Thus while the root as a whole recovers quickly, the cells which be¬ 
came tetraploid during the treatment require several days to adjust them¬ 
selves to the newly acquired tetraploid nuclear condition before they are 
again ready for mitotic division.. 


SUMMARY 

1. Benzene and benzene vapor produce cytological effects similar to those 
produced by colchicine. 

2. Spindle formation is inhibited and division of the SA-region is de¬ 
layed. Diplo-chromosoines are formed and tetraploid cells result. 

3. In root tip divisions in Allium, chromatids are widely separated and 
half-chromatids become clearly visible at prometaphase. 

Biological Laboratory, Fordiiam University 
New York 
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MORPHOLOGY OF THE RICE SPIKELET 

Virginia Michaxtd 1 

Some greenhouse plants of Oryza saliva have recently produced anoma¬ 
lous structures which may prove helpful in clarifying the morphology of 
the rice spikelet. The culture, which originated from the earyopses of plants 
collected by Charles DeVol in China in 1940, has reseeded from time to time 
and maintained itself for three years. 

The single flower of a normal rice spikelet (fig. 1) is enclosed in two 
indurated bracts; one of these is in the position of a lemma and has the char¬ 
acteristics of a lemma, but the other, which is in the position of a palea, is 
unlike a palea in that it is single-keeled. Below these are two very small 
bracts which remain attached at the base of the lemma when the mature fruit 
disarticulates. Beneath the articulation is a structure which forms a sort of 
cup around the base of the spikelet. 

The rice spikelet has long been a subject of special interest to grass 
morphologists. The most commonly accepted interpretation regards the two 
small bracts just above the articulation as glumes, the lower of the two bracts 
surrounding the flower as the lemma, and the upper as the palea. In most 
taxonomic works no particular significance is attached to the structure below 
the articulation. Among the interpretations differing from tins there are two 
which are important. 

Mrs. Arber (1934, p. 184) regards the cup below the articulation as the 
equivalent of a pair of e*xtremely reduced glumes, the next two bracts as 
sterile lemmas, and the last two as a lemma and a palea. Bidder's diagram 
(1875, p. 125) of the rice spikelet indicates six bracts, four of which arc 
called glumes. Schuster (1910) interprets this to mean that there are two 
bracts (stunted glumes) below the structures ordinarily regarded as glumes, 
these presumably represented'by the cup below the articulation. 

The second interpretation involves the identity of the upper two bracts. 
In a hypothesis recently and independently put forth by two workers, N. F. 
Peterson (1935), of tlie Univ. of Nebraska, and L. 11. Parodi (1939), of 
Argentina, it is proposed that the spikelet is not one-flowered but represents 
the union of two florets in which the paleas of both and the pistil of one have 
disappeared. The two bracts enclosing the flower are then considered as the 
two fertile lemmas. Parodi (1941) found support for his idea in abnormal 
spikelets in which he observed two pistils and two linear, binerved paleas 

1 The writer wishes to express her appreciation to Dr. Paul Weathorwax for his help¬ 
ful suggestions in the preparation of the manuscript. 

024 





1944] 


MICHAUD: MORPHOLOGY OP RICE SPIKELET 


625 


within the covering of the two rigid bracts. In his description there is no 
reference to structures below the lower lemma. A similar spikelet is pictured 
in cross section by Schuster (1910, fig. 14), but he does not explain the figure. 

The four abnormal spikelets which I have found give evidence in sup¬ 
port of Mrs. Arber’s interpretation and raise a question concerning the 
explanation given by Peterson and by Parodi. All of the spikelets had either 
more than one flower or more than two indurated bracts. The lower floret of 
one spikelet contained a flower with a pistil, two lodieules and two stamens. 
The pistil had four styles. Both the lemma and the palea were indurate and 
carinate. One stamen was in the normal dorsal position, and the other was 
in the median position directly opposite. The upper floret was normal. An 
empty bract was present below the lower lemma. 



Fin. 1 Noimal spikelet of rice. Fig. 2 Coition of nlmoimal spikelet showing three 
well developed lemmas and two palons. Fig. 3. Portion of abnormal spikelet below'lemmas. 
1>, base of first lemma; L-l, L-2, L-3, first, seeond and third lemmas respeelively; g-1, 
g-2, first and seeond glumes; x, portion of raehia. 


A second spikelet had three lemmas (fig. 2). The lowermost was empty, 
the seeond was fertile and normal, and the third subtended an abortive 
flower consisting of a oue-st\ led o\ary and a palea. As in the first spikelet, 
the jmleas were similar to the lemmas in texture and form, although the 
abortive palea was smaller and its margins were inrolled. The other two 
spikelets showed the second bract or “glume” in different degrees of similar¬ 
ity to a normal lemma, but in both cases only one other bract was present 
below. In all the spikelets the cup below the position of normal articulation 
w T as divided into twx> or, as in one case, three separate scales, and there was 
no distinct articulation (fig. 3). 

The presence of a lemma-like structure in the position of one of the 
“glumes” in three of tin* abnormal spikelets, and the presence of three such 
structures and no “glumes” in one spikelet, presents a fair indication that 
the bracts w'hieh in the taxonomic literature have been called glumes are in 
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reality reduced sterile lemmas. The scales, which I have assumed to represent 
the cup, could then be considered as extremely reduced glumes. Such an 
interpretation of the rice spikelet brings the Oryzeae very close to the 
Phalarideae as suggested by Mrs. Arber (1934, p. 184). What the extra 
small scale in one spikelet represents is not clear. It may be another reduced 
lemma. 

Tf we assume that the anomalies which have been described represent a 
true picture of the homologies of the bracts in the rice spikelet, a question 
occurs in reference to the interpretation proposed by Peterson and by Parodi. 
In two spikelets more than one lemma was observed to have in its axil a bract 
similar to it in shape and texture. That is, the extra florets were constructed 
like the single floret in a normal spikelet. Are these also to be considered the 
result of fusion of two flowers? If this is true, then it will be necessary to 
reconsider the spikelet in terms of that hypothesis. If each lemma on a given 
axis has another in its axil it is a strong indication that a branching system 
is involved. To regard the rice spikelet as an extremely reduced branching 
system of which the lemmas represent entire spikelets would indeed set the 
genus Oryza off as a group in which the spikelet differs in origin from that 
of other grasses, and would lend support to Parodi’s suggestion that the 
Oryzeae constitute a separate subfamily (Parodi 193ft). 

Botany Department, Indiana University 
Bloomington, Indiana 
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FURTHER POLLEN STUDIES OF PEAT BOGS ON THE 
PACIFIC COAST OF OREGON AND WASHINGTON 1 

Henry P. Hansen 

INTRODUCTION 

The moist climate of the Pacific Coast of Oregon and Washington and 
the progression of a post-Pleistocene marine cycle of a submergent shoreline 
lias resulted in the formation of many freshwater ponds and subsequent 
hydrareh succession forming peat deposits. Many stages of hydrareh succes¬ 
sion are to be found, from those in recently formed sand-dune lakes, support¬ 
ing early submerged seres, to mature bogs covered with forests. This area lies 
beyond the limits of Pleistocene glaciation, but this geologic event has appar¬ 
ently been indirectly responsible for conditions favoring organic sedimenta¬ 
tion during postglacial times. The nourishment of the continental ice sheet 
caused a lowering of sea level, which permitted down-cutting of streams 
emptying into the ocean. During deglaciation raising of sea level drowned 
the valley mouths of streams for many miles inland (Fetmeman 1931). The 
marine cycle of submergence since then has resulted in the formation of 
several kinds of lakes, apparently with some chronological consistency. This 
is shown by the depth of the peat deposits, particularly on the margin of the 
large]' lakes, formed in the blocked tributaries of the major streams. Ponding 
effected by movement of shore sand has taken place at later dates, and in fact 
is occurring continually along the coast, in the sand-dune zone. This includes 
embayment of small streams by spits and bars, blocking of small streams 
flowing parallel with the shore, and the formation of depressions by migrat¬ 
ing sand dunes and possibly in some cases by deflation. Lakes formed in the 
tributaries of the larger streams at some distance from the ocean support 
the deepest peat deposits, and thus hold the probability of antedating those 
formed in the sand-dune zone. It is difficult to assign an age to these dune 
bogs, and an estimation must be based upon the depth of the peat and the 
average rate of deposition as determined by the average depth of the several 
profiles studied. Shifting of sand not only forms new depressions for poten¬ 
tial hydrareh succession, but also buries bogs in varying stages of develop¬ 
ment. This is well shown by a stratum of fossil peat enclosed in terrace sands 
of a sea cliff near Newport, Oregon (Hansen & Allison 1942). The peat layer 

J Published with the approval of the Monographs Publication Committee, Oregon State 
College, as Research paper No. 81, School of Science, Department of Botany. The expenses 
of this project were defrayed by a grant-in-aid from the General Research Council, Oregon 
State College. 
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is overlaid with 40 feet of sand which may be of either subaqueous or eolian 
origin. A record of forest succession from pioneer forests of lodgepole pine 
to climax forests of spruce and hemlock is revealed by pollen analysis of the 
sediments. Thus it can be seen that the chronology of coastal peat bogs is 
indefinite, with many different ages represented and considerable overlap¬ 
ping of their periods of recorded time. 

LOCATION AND CHARACTERISTICS OF THE BOGS 

This stiuty is concerned with a series of six peat profiles extending from 
Hauser, Oregon, north to Hoquiam, Washington, a distance of about 265 
miles. In order, beginning at the .south, the peat profiles are located near the 
following towns: Hauser, Newport, and Gearhart in Oregon; Ihvaeo, Gray- 
land, and Hoquiam in Washington. Those located near Hauser, Newport, 
Ilwaeo, and Grayland have been formed in shallow sand dune lakes within a 
mile or two of the ocean. The bog at Gearhart has developed in a small stream 
valley, somewhat inland from the sand-dune zone, and is the deepest of the 
profiles. That near Hoquiam lies near sea level on the north side of Grays 
Harbor, just west of the mouth of the Humptulips River. It apparently owes 
its origin to a eustatic rise in sea level, causing drowning of stream mouths 
Several feet of mud underlying the organic sediments suggest tideflat condi¬ 
tions for some time before freshwater hvdrarch plant succession began. The 
existence of estuarine conditions in this area further suggests this possibility 
The bogs vary in depth, the deepest being 7 m. at Gearhart; those at llauser 
and Newport, 1.0 m.; near Ilwaeo, 2.8 in.; at Grayland, 2.1 in .; and that near 
Hoquiam, 4.4 m. The bog at Gearhart is underlain with silt and elav, and all 
the others except at noquiam are underlain directly with sand. In sand-dune 
bogs, the organic sediments are sharply defined strutigraphically from the 
underlying sand, w r ith no gradation into silt, clay, and Humic peat, such as 
usually occurs in inland bogs, both in the glaciated and unglaeiated regions. 
This is due to the presence of only sand adjacent to the ponds, which pre¬ 
vents the income of fine silts and clays before organic sedimentation gets 
under way. 

All the bogs are of the Sphagnum type Portions of some of them have 
been drained and scalped for cranberry culture, which is an important indus¬ 
try along the coast of Oregon and Washington. The following species of 
plants are common to ail the bogs; Labrador tea ( Lfdum Columbia hum ), 
bog laurel (Kalmm polifolia ), cranberry (Vaccinium oxycoccus ), salal 
(Gaulthcria shallon ), sweet gale (Myrica gale), hardhack (Spiraea dotty- 
lasii ), skunk cabbage (Lysiehitum americamtm ), eascara (Rhamnus punh- 
iana ), red alder (Ainas rubra), deer fern (Strufhiopteris spicant ), and yel¬ 
low pond-lily (Nymphozanihun polysepatus). All bogs are in the climax stage 
and are being invaded by forest tree species. Generally, lodgepole pine 
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(Pinna contorta) is the pioneer and most abundant arboreal invader of the 
coast bogs, but occasionally Sitka spruce (Picea aitchesis) may be the initial 
invader. Other species that early encroach upon the climax bog are western 
hemlock (Tsitga helcrophylla ), western red cedar ( Thuja plicata ), and 
occasionally Douglas fir (Psevdotanga (axifolia ). Along the southern half of 
the Oregon coast, Port Orford cedar ( Chamaecyporis lawsoniana) is found 
with lodgepole pine. The determining factor in the order of arboreal bog 
invasion seems to be the availability and proximity of the several species. 
Lodgepole pine is usually the most abundant species in the sand-dune zone, 
and is usually preponderant as a seed disperser onto the bog surface. Obser¬ 
vations show that either Sitka spruce or western hemlock may be the first 
invader if their propagules are available. On the Newport bog, hemlock is 
abundant on the eastern part, but not on the western edge. This is evidently 
due to the presence of hemlock forests adjacent to the eastern margin of the 
bog, while the forests to the west are composed of lodgepole pine and spruce. 
The prevailing westerly winds are a further factor favoring lodgepole inva¬ 
sion. as the forests located windward to the site of the bogs are usually com¬ 
posed of a preponderance of this species. The abundance of lodgepole pine 
on climax bogs is reflected in the pollen proportions of the upper horizons 
of peat, and tends to distort the recorded composition of the adjacent forests. 

FORESTS OF ADJACENT AREAS 

All six bogs lie within the Humid Transition life area (Bailey 1936). A 
narrow zone, several miles in width from the ocean to the Toast Range along 
the coast of Oregon and Washington, is spoken of as the fog belt because of 
the heavy precipitation. The mean annual rainfall at stations nearest the site 
of the sediments of this study is as follows: Newport, 67 inches; Astoria, 76 
inches; and Aberdeen, Wash., 81 inches. Although the coastal strip is a part 
of the area designated as the hemlock-cedar climax of the Coast Forest 
(Weaver and (dements 1938), cedar is of minor importance in the forest 
complex. The principal dominants of the fog belt forests are lodgepole pine, 
Sitka spruce, and western hemlock. As the first is not a climax species, the 
coastal strip forests may be classified as the spruce-hemlock climax. Lodge¬ 
pole pine is usually the first arboreal invader of sand dunes after they have 
been somewhat stabilized by lesser vegetation. Thickets of lodgepole near the 
ocean shore are low' and rounded owing to sand-shear caused by the abrasive 
action of landward-borne sand. Individuals are much misshapen, and often 
resemble the Krummholz form of trees at timberline. Occasionally a specimen 
of spruce is found in the thickets of lodgepole, but hemlock has not been 
observed under these conditions. Farther inland, lodgepole assumes a tall, 
straight form and dense thickets serve as a windbreak for other species. 
Leeward to the pine zone, and mixed with it to some extent, are spruce and 
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hemlock. These species become progressively more abundant farther inland, 
lodgepole gradually thinning out because of its intolerance for shade. Still 
farther away from the ocean, Douglas fir enters the forest complex, while 
spruce becomes less abundant, gradually giving way to hemlock and Douglas 
fir. Hemlock in turn surrenders its predominance to Douglas fir in the ('oast 
Range to the east. When the forests on the sand dunes are burned, lodgepole 
pine may regain its preponderance; or farther from the ocean Douglas fir 
often makes its appearance and become locally predominant until replaced 
by spruce and hemlock. Other forest tree species apparently within range of 
pollen dispersal to the site of the sediments are western white pine (Finns 
monticola) y lowland white fir (Abies yrandia ), noble fir (A. nobilis ), and 
silver fir (.4. amahilis). The most important broadleaf species are red alder, 
bigleaf maple (Acer macrophyllum ), and black cottonwood (Populus tricho - 
car pa), 

FOREST SUCCESSION 

Although the general forest physiognomy of the coastal strip in which 
the peat profiles are situated is more or Jess homogeneous, the recorded forest 
succession for the period represented varies somewhat in the several areas. 
This may be due to the different ages of the bogs, the varying forest com¬ 
position and stages of succession during initial sedimentation, the different 
trends of forest succession because of differences in topography, varying 
degrees and periods of sand movement, and the position of the bog in relation 
to sand dunes, the ocean, prevailing winds, and the adjacent forests. Perhaps 
the most important factor that influences forest succession and tends to inter¬ 
rupt the normal succession along the Oregon and Washington coast is sand- 
dune movement. Periodic shifting of dunes may bury forests in various 
stages of succession, from the pioneer forests of lodgepole pine to more 
mature forests of spruce and hemlock. The first are more prone to be de¬ 
stroyed because of their proximity to the ocean and their establishment on 
less stabilized soil than the climax forest. The destruction of the lodgepole 
forests is perhaps more readily Reflected in the pollen profiles than the climax 
forests, because the bogs usually lie leeward to the pine zone. Thus, fluctua¬ 
tions in the pollen profiles of the several species, when contrary with one 
another, or one group with another, may denote relative rather than actual 
changes of the recorded species. One can assume that fluctuations in pollen 
profiles of coast bogs are probably more often a result of changes in the 
actual abundance of lodgepole pine, rather than in spruce or hemlock. The 
location of pine forests, largely windward to the bogs, and the greater 
amount of pollen produced by this species undoubtedly cause over-represen¬ 
tation bt its pollen. The maturation of lodgepole pine at a much earlier age 
than the other species gives it more maneuverability in an unstabilized dune 
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area. Not only is it better adapted to invade newly formed dunes, but it is 
also better able as a forest to recover after, or even during, its destruction 
by burying or fire than spruce or hemlock, which require many years before 
attaining seed-bearing age. Spruce and hemlock forests producing relatively 
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Fig. 1 . Pollen profiles, Newport, Oregon. Fig. 2. Pollen profiles, Hauser, Oregon. 
Fig. 3. Pollen profiles, Hoquiam, Washington. 

less pollen and lying largely leeward to the bogs are probably generally 
under-represented in the pollen profiles. 

The similarity in the composition of the peat of 1 lie six profiles suggests 
about the same rate of deposition. The profile near Gearhart, being the deep- 
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est, would also represent the greatest period of time for its deposition. Its 
location and method of formation also indicate a greater possible age, and it 
is the only profile that seems to hold the potentialit}' of representing most 
or all of postglacial time. The trends of adjacent forest succession as recorded 
in the profile seem to substantiate this theory. 

Three of the profiles, those at Newport, Hauser, and Hoquiam reveal a 
preponderance of lodgepole pine in the lower levels (figs. 1, 2, 3). This is also 
shown in two sand-dune bogs farther south on the Oregon coast, near Bandon 
and Marshfield (Hansen 1943). Lodgepole pine has generally been the pio¬ 
neer postglacial invader in the Pacific Northwest, especially in the glaciated 
region. In these areas, however, forest succession started anew as the ice re¬ 
treated, whereas the coastal strip of Oregon and Washington was probably 
forested during the glacial period with the present day species. In the Hauser 
profile lodgepole pine is recorded as having gradually declined from 60 per 
cent at the bottom to 14 per cent at the top. At Newport, lodgepole declines 
from its maximum of 69 per cent at the bottom to its minimum of 28 per cent 
at 0.4 in., and then increases to 66 per cent at the surface. The resurgence of 
lodgepole at the surface reflects its invasion of the bog and its abundance in 
sandy areas west of the bog. Lodgepole is not so abundant adjacent to the 
Hauser bog, and the surface has been scalped for cranberry culture, with the 
elimination of much of the source for its pollen. 

In the Hoquiam profile, lodgepole is recorded to its maximum of 74 per 
cent at the lowest horizon, from which level it abruptly declines to only 4 per 
cent at 3 in., and then fluctuates between nothing and 8 per cent to the top. 
There is less dune area in this vicinity, much of the adjacent region consist¬ 
ing of low swampy ground forested with hardwood species, and gravelly 
knolls covered with climax forest. 

In the other three profiles, lodgepole is recorded to less than 15 per cent 
at the lowest horizons, but shows slightly different trends upward in the 
profiles. At Gearhart it shows a general increase upward, to reach its maxi¬ 
mum of 63 per cent at the surface (fig, 4). The accelerated increase in more 
recent time marks its invasion of the bog. Apparently the Gearhart bog had 
its inception when the adjacent forests existed in the climax stage. Since that 
time, the major trend of pine has been its more recent encroachment upon 
the bog. A similar situation apparently was present in tin* vicinity of a 12 m. 
profile farther south, near Florence, Oregon (Hansen 1941). Here, in an area 
inland from the sand-dune zone, climax forests of spruce and hemlock also 
existed when sedimentation was begun. In the Ilwaco profile, pine is revealed 
as having fluctuated considerably during the period represented (fig. 5). It 

Explanation of figures 4-6 

Fig. 4. Pollen profiles, Gearhart, Oregon. Fig. 5. Pollen profiles, Ilwaco, Washington, 
Fta. 6. Pollen profiles, Grayland, Washington. 
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is recorded as 13 per cent at the bottom, fluctuates between 1 and 20 per cent 
to 1.4 m., and sharply increases to its maximum of 62 per cent at 1 m. It then 
abruptly declines to 11 per cent at 0.7 m., followed by a marked increase to 
54 per cent at 0.4 m., and then a final decline to 20 per cent at the top. These 
marked trends evidently record extensive and periodic dune movement, 
burying forests of lodgepole on one hand, and providing new areas for its 
invasion on the other. The Tlwaco profile is located in the most extensive dune 
area of the six bogs, at the mouth of the Columbia River. Here the strong 
winds follow up the Columbia, causing movement of sand from both the 
west and the south. The vast Long Beach spit extends for 15 miles to tin* 
north. The presence of large bog areas in this region has probably been re¬ 
sponsible also for lodgepole pine fluctuation. Invasion of bogs occurred at 
various times, as they reached the climax stage, and such invasions are un¬ 
doubtedly represented in the pollen profiles by an increase in pine pollen. 
The presence of charred peat at 1.0 m. suggests that fire may also have been 
a factor in the abrupt increase of pine to its maximum at this horizon. In the 
Grayland bog pine is recorded as only 2 per cent at the lowest level, from 
which point it increases to its maximum of 21 per cent at 0.9 m. (fig. 6). It 
declines to 6 per cent at 0.1 m. and then increases to 12 per cent at the top. 
The latter increase reflects its limited encroachment upon the bog in recent 
time. Both the llwaeo and Urayland bogs apparently had their initiation 
when climax forests existed in their vicinity. 

The climax species, spruce and hemlock, show considerable fluctuation m 
all profiles. Most of these fluctuations arc opposed to each other, rather than 
to that of pine, because the latter reveals many trends that are neither op¬ 
posite nor similar to those of hemlock and spruce, either collectively or as to 
individual species. An increase in spruce and hemlock from the bottom to 
half-way up in the profile is contrary to pine decrease. A continued sharp 
rise in spruce to 66 per cent at 0.4 m., however, is contemporaneous with a 
decline of hemlock, and pine show s a slight increase to this same Ie\ el (fig 2). 
A sharp reversal of trends for spruce and hemlock from this horizon to the 
surface denotes continued confpetition between these species, as lodgepole 
remains constant. In the Newport profile, spruce and hemlock trends are 
opposed at every level except from the bottom to that immediately above 
(fig. 1). The trend of lodgepole pine apparently has been independent 
throughout the entire period represented. In the Gearhart bog, again the 
recorded trends of spruce and hemlock have been largely contrary to each 
other, with the latter predominant throughout, while lodgepole reflects only 
its invasion of the bog itself (fig. 4). The llwaeo profile discloses several short 
period fluctuations of all three species (fig. 5). Rome involve spruce and hem¬ 
lock fluctuating oppositely to lodgepole, others concern contrary trends of 
spruce and hemlock', and still others denote fluctuations of lodgepole con- 
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trary to either spruce or hemlock. The major fluctuations of pine suggest 
accelerated dune movement, first burying pine forests, then supporting pine 
invasion, and finally replacement of pine with spruce and hemlock as stabili¬ 
zation of edaphic conditions progressed. The occurrence of charred peat at 
1 m.. the level of pine maximum, suggests the possibility of fire as having 
been instrumental in the development of this trend. The pollen-bearing sedi¬ 
ments at Grayland also were apparently inaugurated when the adjacent 
forests existed in the (dinmx stage (fig. 6). The trends of spruce are largely 
the converse of hemlock, whereas those of lodgepole seem to be independent. 
From its initial predominance, hemlock declines whereas spruce increases to 
1.1 m.. then their trends are reversed to the horizon immediately below the 
surface, where hemlock again decreases and spruce increases to the top, the 
latter being preponderant. There are several possible events .suggested by 
these trends. Fire may have destroyed the hemlock forests, increasing the 
relative abundance of spruce and pine. Sand dune movement may have per¬ 
mitted an increase in spruce and pine. A third possibility for spruce expan¬ 
sion is its invasion of other climax bog areas in the vicinity. The resurgence 
of hemlock from 1.1 in. to immediately below the surface suggests normal 
forest succession. The final increase of spruce at the expense of hemlock may 
mark the invasion of spruce on the bog. In the Hoquiam sediments, the 
trends of spruce and hemlock are opposed throughout the profile. Hemlock 
reveals an increase from 6 per cent at the bottom to 71 per cent at 2.6 m., 
with spruce remaining constant. Then with several minor fluctuations, hem¬ 
lock attains its maximum of 73 per cent at 1.2 m. and spruce declines to 25 
tier cent at the same level, and then both species remain generally constant 
to flu* top (fig. 3). Dune movement has apparently played a minor role in 
forest succession in this region, the expansion of lodgepole pine to 21 per cent 
at 0.9 in. after its initial decline being the only period indicating unstabilized 
edaphic conditions. 

Other forest tree species are only sparsely and sporadically represented. 
In the Hauser profile, Douglas fir is recorded as high as 20 per cent, and 
closely follows the trends of hemlock, while in the others it has a limited 
representation and not at every horizon. The bogs are located windward to 
the Douglas fir forests of the Coast Range. Other species recorded are west¬ 
ern white pine, low land white fir, noble fir, and silver fir. A non-indicator of 
adjacent forest succession consistently represented by its pollen in appre¬ 
ciable proportions is red alder. Species confined largely to the bogs, which 
provide abundant pollen at various levels, are myrtle, willow, maple, several 
species of Ericaceae, sedge, yellow pond-lily, and cattail. The pollen propor¬ 
tions of these species mark the development of hydrarch succession from sub¬ 
merged to climax seres. 
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There seems to be little evidence for climatic trends in the pollen profiles 
of the several species represented. There probably have been slight climatic 
changes during the post-Pleistocene along the coast of Oregon and Washing¬ 
ton, because of the moderating influence of the ocean. The principal factor 
influencing forest succession has probably been sand movement. The inland 
movement of sand modifies and retards the rate of forest succession, and in 
some cases terminates it by burying forests. The formation of spits and bars 
and the building up of the beach provide primary areas for succession. 
Periods of extensive sand movement may reflect climatic changes farther 
inland, bringing about increased wind velocity for periods of time sufficient 
to cause considerable shifting of sand. Eustatie changes in sea level may also 
be reflected by increased sand movement. Emergence of land may have pro¬ 
vided more eolian material and new areas suitable for primary forest suc¬ 
cession. There apparently are many complex variables involved in initiating 
sand movement and the forest succession which it controls to a large extent. 
Most of these seem to be intangible as far as their application to interpreta¬ 
tion of pollen profiles is concerned. 

Oregon State College 
Corvallis, Oregon 
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STUDIES ON AMERICAN HEPATICAE—V. TWO NOMENCLA- 
TURAL CHANGES IN CERATOLEJEUNEA 

Margaret Fulford 

The following new species and new combination have resulted from a 
recent study of the genus Ceratolejeunea: 

Ceratolejeunea grandibracteolata Fulford, sp. now Ceratolejeunea 
Hfbserrala Spruce, Hep. Sprue, (not L. (Cerato-Lejeunea) variability var. 
subserrata Spruce, Trans. & Proc. Hot. Soc. [Edinburgh] 15: 207. 1884). 

Cauies ad 2.5 cm. longi, 1.2 mm. lati, rufobrunnei; folia grandia, oblonga, 
a pice lato, rotundato, Integra vel ieviter dentata; dente apicali lobuli brevi, 
curvo, obtuse acuminato; utriculis saepe praesentibus; cellulae 20-24 |j, 
trigoniis conspicuis, ocellis geminatis, basilaribus; ainphigastria grandia, 
orbicularia: dioica; l)ra(*teae femincae lobus late ovatus, lobulo exi>lanato, 
oblongo, margine integro; braeteolus connatus, late ovatus, bifidus ad partem 
tertiam longitudinis, margine integro: perianthium emergens, cornibus 
angustis, orevibus, divaricatis: rami masculi non visi. 

Ceratolejeunea flagelliformis (Steph.) Fulford, comb. nov. Ceratole - 
jvtinea spinosa var. flagciliforntis Stephani, Hedwigia 34: 238. 1805. Lc- 
jntnni ( Ciratolejeunm) flahdlifonm Stephani. Ilepat. in Duss, Muscinees 
Ant. Franc, 13. 1003 The characters of the perianth, which has only recently 
been discovered, at once set these plants apart from any of the other Ameri¬ 
can species. 

University of Cincinnati 
and 

Tin: New York Botanical Carden 
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SPORELINGS AND VEGETATIVE REPRODUCTION IN THE 
GENUS CERATOLEJEUNEA* 

Margaret Fulford 

A taxonomic study of nineteen American species of the hepatic genus 
Ceratolejeunea , just completed , 1 has brought to light several stages of spore- 
ling development in eleven of the American species and one from Java, and 
examples of vegetative reproduction in eight species. It is, I believe, the first 
time that sporelings of this genus have been identified, and also the first time 
that so large a number of sporelings of a genus could be compared. Although 
the structures of vegetative reproduction have been mentioned in the litera¬ 
ture they were never discussed in any detail. 

1. SPORELINGS 

In a recent paper 2 in which several additional types of sporelings were 
described in the family Lejeuneaceae, the question whether the pattern of 
development was uniform for ail of the species had to remain unanswered, 
since at that time, sporelings of only one species in any of the genera under 
discussion had been observed. There was also little information on the degree 
of variation that was to be expected in the numerous sporelings produced by 
one or several plants of a given species. 

It is now fairly certain that the sporeling described and figured by 
Goebel* as belonging to an unknown South American genus, as veil as the 
one described and figured by the writer , 4 as representing a further develop¬ 
ment of the type discussed by Goebel, belong to the genus Ceratolejeunea. 
These two clearly typify the basic pattern of sporeling development at its 
best in the genus. It may well be designated the Ceratolejeunea type. 

The sporeling of the genus Ceratolejeunea (except for C. guianensis ), is 
made up of a nnistratose thal^oid portion of two distinct stages: a filament 
two cells broad and four cells long which develops within the old stretched 
exospore; and a broader, secondary thallus four cells broad and of indefinite 
length. The leafy axis develops at the end of this secondary thallus. 

* This work was made possible through a Marshall A Howe Memorial Fellowship 
given by Mrs, Eton Huntington Hookei to the New York Botanical Harden, for the 
summer of 1943. 

i Fulford, M. Studies on American Hepatieae—VI. Ceratolejeunea. To be published 
in Brittonia. 

g — - —. . Development of sporelings in the Lejeuneaceae. Bull. Torrev Club 

68; 627-633. /. 1-4, 1942. * 

3 Goebel, K. Organogrnpliio dor Pfianzen 2: 907. fig, 97X. 1930. 

+ Fulford, M. Development of sporelings in the Lejeuneaceae. Bull. Torrev Club 68: 
p. 631. fig. 3. 1942. 
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As in the other genera of the Lejeuneaceae which I have observed, the 
spore elongates and becomes chlorophyllose before it is shed from the cap¬ 
sule. Just before the capsule opens the spore is green, two or three times as 
long as broad, and the wall is thick and hyaline. The exospore is papillose 
and, in addition, has a scattered pattern of “rosettes” composed of coarser 
lines of deposition, as is seen in figure A. This spore continues to elongate 
(fig. B), and very soon, through the formation of a series of three walls at 
right angles to the long axis, contains four cells (see fig. C). In most in¬ 
stances this division takes place after the spore is discharged. During the 
elongation of the spore the exospore wall increases in extent, for the distance 
between papillae increases and the rays of the “rosettes” spread (fig. C). 



Flos. A-.I. Stages in the development of the leafy plant from the spore, in the 
genus Ceraloh ffiuua. Figs. A-<\ spores at about the time they are shed from the cap¬ 
sule. Figs. 1>-E. The eight-celled thallus within the old exospore with its characteristic 
markings, and the partly developed secondary thallus (without markings) developed from 
the apical cell with two cutting faces. Figs. F-44. initiation of the apical cell with two 
cutting faces fiom a cell at the end of the thallus within the exospore. Figs. IT-J. Stages 
iu the development of the sporeling including the early stages of the leafy shoot. 
Figures A—<*, \ 400; D-.7, x 200. 

These latter tend to become less conspicuous with the increase in the size of 
the protonema, and in its later stages are usually not noticeable (see figs. 
D-J). 

Apparently the next stage is the formation of a wall more or less parallel 
to the long axis of the spore, in each of the four eells, so that an eight-eelled 
thallus is formed. It is, of course, two cells broad and four cells long. This 
eight-celled filament can always be distinguished because of its papillose 
wall, the exospore. Sporelings which had reached this stage but had not 
developed beyond it could not be found. 

The next stage was one in which an apical cell with two cutting faces had 
already developed from a cell of the eight-celled thallus. Figures F and G 
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show the initiation of such an apical cell. Through the activities of this apical 
cell two rows of segments are cut off, resulting in the formation of a secon¬ 
dary thallus, clearly distinguished by the smooth walls of its cells (figs. 
D,E). 

Each of the segments cut off from the apical cell soon divides agaiu by a 
wall more or less parallel to the long axis of the thallus; and in this way the 
secondary thallus becomes four cells broad. Figure H illustrates develop¬ 
ment to this point. The thallus within the old exospore is papillose; the 
remainder, the secondary thallus, is fully developed below, four cells broad, 
and near its tip shows several segments not yet divided, and the apical cell. 

After a variable number of segments have been cut off, the apical cell 
becomes transformed into an apical cell with three cutting faces. This gives 
rise directly to a leafy shoot with no intermediate stages (see figures I and J). 

The first leaves formed are of the primary type, small, ovate-lanceolate, 
and plane. These are followed by the larger, juvenile leaves with large water- 
sacs, which are usually accompanied by underleaves. The details of the leafy 
plants of individual species are discussed below. 

The above is a brief resume of what I consider to be the pattern of de¬ 
velopment of the sporoling of the genus Ceratolcjcunca (except for (\ <jui«- 
nensis). Of course, many of the sporelings do not conform to this pattern 
in all of its detail, and I have attempted to illustrate the deviations in the 
discussion of individual species. This method tends to emphasize tin* excep¬ 
tions rather than the more usual pattern of development, since the majority 
of the figures are example# of the deviations which were observed, while the 
majority of the sporelings conform to the basic pattern. 

The grouping of the species is here based on the type of horns of the 
perianth, and the three species which follow have perianths with large, 
bulbous horns. However, C. malleujtra is an aberrant species, since onh two 
instead of the customary four horns are produced. 

C. spjnoka (G.) Steph. (Figures 1-3 ) None of the few sporelings which 
were found had the broad,'secondary thallus developed to any extent; in 
fact, in figures 1 and 2 it is scarcely suggested and in figure 3 is very poorly 
developed. The formation of additional walls in some of the cells of the 
thallus within the exospore, so that it becomes more than two cells broad as is 
shown in figure 2, is not uncommon. This figure also suggests the formation 
of a second apical cell and therefore a growing point, at the other end of the 
thallus. Spores in unopened capsules w 7 ere too immature for detail of the 
spore walh but they were papillose and the “rosette” pattern was suggested. 
Figure 3 illustrates .a plant in which both primary and juvenile leaves had 
developed. It is curious that the three leaves on the left side of the stem are 
of the primary type, while tw f o of the three on the right are of the juvenile 



1944] 


FTTLFORD: CERATOLEJEUNEA 


641 


type, yet all of them developed from alternating segments of the same apical 
cell. No underleaves were observed. 

C. malleigkra (Spr.) Steph. (Figures 4»8.) These sporeiings were among 
the fruiting plants of the original and only collection of the species. The 
eight-celled stage within the exospore was quite uniform in its development 
throughout, except that occasionally only six cells were formed. Development 
proceeds in the usual fashion (see figure 4 and the lower part of figure 8), 
except that the outer cell of the pair formed by each segment usually divides 



Figs. 1-3. (\ spin oho ((}.) Steph. Figures 1-2 from Suringar, West Indies; figure 3 
from HrcntvK fit. Kitts, the original. Figs. 4-8. (\ vialln/jera (Kpr.) Steph., from the 
original, Bolivia. Figs. 9-13. C. pfumnla (Kpr.) Steph. Figures 9-10 from Dnss <//, 
Guadeloupe, figures 11—13 from Spruce, Brasil. All X 200. 

again so that the secondary thallus is six cells broad throughout most of its 
length. This development can be followed in detail in the upper part of 
figure 6. A striking example of a broad secondary thallus grown out from 
each end of the eight-celled thallus is shown in figure 8. Figure 5 illustrates 
the only example of the formation of leaves on sporelings of this species. 
They are all of the primary type. No underleaves are evident. Here also, 
growth of the broad secondary thallus w r as restricted for a time, then pro- 
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grossed after the usual pattern, Branching of the secondary thallus is not 
uncommon (see figures 6 and 7); the branch arises from a marginal cell. 

The presence of a secondary thallus broader than that customary in the 
genus raises the question of the taxonomic position of the species, especially 
since the species is also unusual in that there are only two instead of four 
horns on the perianth, and the ocelli of the leaves are no larger than the leaf 
cells and are numerous and scattered throughout the leaf. In most of the 
species the ocelli are large, and from one to several in a basal position, or 
they form a nerve. Even with the differences mentioned above this species 



Flos. 14—16. C. flagelhformis (Steph.) Fulford. Figuics 14-15 liom Kians, Pucito 
Rico; figure 16 from Dvss S85, Martinique. Figs, 17-20 C< mtoh*/< nn<a «p. fiorn the 
Mitten Herbarium, collected in Java. All / 200. 


certainly resembles species of Ceratolejeuma, but its taxonomic position as 
a member of the genus might be questioned. 

(\ plumxjla (Spr.) Steph. (Figures 9-13.) Spores in the immature cap¬ 
sule were densely papillose, and also suggested the “rosette 7 ’ pattern of 
markings, but no free spores in the early stages of sporeling development 
were found. The older sporelings suggest very strongly those of C. spinosa 
described above. The thallus within the old exospore is clearly delimited, 
although more than eight cells are sometimes present (see figure 13). The 
broad secondary thallus is extremely limited and sometimes scarcely devel¬ 
oped, as was the case in C. spinosa (compare figures 9 and 10 w r ith figure 12). 
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The next two species are characterized by having the horns of the peri¬ 
anth extremely long, slender, and terete. 

0. flagelli form is (Steph.) Fulford. (Figures 34-16.) Not more than half 
a dozen sporelings were seen; all of them were irregular in their development 
ami did not conform well with the general pattern. In all examples the 
thallus within the exospore was very irregularly developed. The irregular cell 
plate formed within the exospore shown in figures 14 and 15 may well have 
developed from an eight-celled thallus, since these cells showed a remarkable 
capacity to divide; there is evidence of more than one growing point; and 
only a part of each thallus in question is covered by the old exospore. It is 
possible also that the development of the thallus shown in figure 16 could 
have come about in the same way. A rudimentary secondary thallus is to be 
seen in figures 14 and 15 but none is apparent in figure 16. The leafy stem 
develops in the usual manner. 

Oeratolejeunea sp. (Figures 17-20.) This unnamed material, collected 
in Java, is in the Mitten Herbarium at the New York Botanical Garden. The 
species is very similar to (\ flagelliformis . The leaves have a “nerve” of 
ocelli. All of the many sporelings observed in this material exhibited the 
usual pattern of development (tigs. 17-19). Figure 20 shows-a plant with 
more than the usual number of cells in the thallus covered by the exospore, 
and with a secondary thallus broader than in the other specimens. This 
thallus suggests the irregular development which was seen in C. flagelli- 
fonnis. 

The following species belong to that large group within the genus in 
which the perianth exhibits no striking characteristics. The horns are of 
characteristic length or are developed as short knobs. 

C. brevineuvis (Npr.) Evans. (Figures 21, 22.) Many examples of the 
early stages of development were observed, and the pattern conforms to that 
described earlier. Figures 21 aud 22 present the usual picture. The secondary 
thallus is poorly developed in figure 22 but is somewhat larger in some of the 
examples not shown here. The leafy axis presents a difficult problem. At its 
base it bears a pair of primary leaves followed by a pair of larger juvenile 
leaves with their large water-sacs. These are followed on the left side of the 
stem by another primary leaf and then a juvenile leaf, but on the right side 
of the stem, above the first juvenile leaf are two leaves with small ventral 
lobes, more or less intermediate in form between primary and juvenile leaves, 
followed by another juvenile leaf. All of these leaves have developed from 
segments of the same apical cell. An imderleaf occurs on the upper part of 
the stem. 
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C. jjaritima (Spr.) Steph. (Figures 23, 24.) These figures were drawn 
from plants collected by Spruce along the Amazon, They are from the spores 
of plants of the variant in which the leaf usually has a conspicuous 4i nerve ’ 7 
of large ocelli, and in which spherical lobules are for the most part absent. 
Plants of this character compose only one of several of the variants of the 
species which occur jn tropical America/ Spores from within capsules not 
quite mature were papillose and showed, in addition, the “rosette” pattern 
of supplementary thickenings. The advanced sporelings were in a poor state 
of preservation but all of them showed the characteristic eight-celled thallus 
within the exospore, and also a poorly developed secondary thallus. Figure 
24 is characteristic of the group. 

C. grandibraoteolata Fulford. Figure 25 is from material collected by 
Spruce along the Rio Negro in Brazil. It is the only example of a sporeling 
of this species which was sufficiently well preserved to be illustrated. It con¬ 
forms to the general pattern, with eight cells in the exospore, one end-eell of 
which has given rise to au apical cell with two cutting faces. This in turn 
gave rise to segments which have formed the secondary thallus four cells 
broad. After several segmentations the growth of the thallus was terminated 
through the development of the apical cell with three cutting faces which 
produced the leafy plant. 

0. megalophysa (Spr.) Steph. (Figures 26-30.) This species also ex¬ 
hibits the usual range of deviation in the various stages of the development 
of the sporeling. The spores are similar to those of the other species in shape 
and wall-sculpturing. Figure 28 shows supplementary growth and the proba¬ 
ble initiation of a second apical cell during the eight-celled stage. A thallus 
in which an apical cell has developed at each end is shown in figure 29. In 
figure 30 the thallus which was developed in the old exospore is poorly repre¬ 
sented, perhaps it never was developed in full, and the secondary thallus is 
short. This leafy plant also has an assortment of primary and juvenile leaves 
on both sides of the stein. Underleaves are absent. 

C. ctjbensis (Mont.) Schiffner. (Figures 32-36.) Large numbers of spore- 
lings in the various earlier stages of development are present in the material 
but none of them had developed leafy shoots. The spore at about the time 
that it is shed from the capsule is similar to those of the other species, green, 
elongate, papillose, and with supplementary markings in the “rosette” pat¬ 
tern (see figure 32). The thallus developed within the exospore is uniform, 
i.e. always of eight cells, and rarely was a variation observed. The apical cell 
with two cutting faces forms the usual secondary thallus two cells broad 

sFutford, M. Sttyiics on American Hepaticne—VI. Ceratolojennea. To be pnbhselid 
in Brittonia. 
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(fig. 33), which very soon through additional divisions of the segments be¬ 
comes four cells broad (see figures 34-36). Branches are sometimes formed 
from marginal cells of the secondary thallus, as is indicated in figure 36. 

C. rubiginosa Stepli. (Figures 37-43.) All of the drawings were from 
sporelings in the original material, collected by Wright in Cuba. This species 
closely resembles C. cub crisis in habit and the sporelings also are very simi¬ 
lar. They were present in great numbers and were remarkably regular in 
development. However, some of the usual deviations do occur; for example, 
less than eight cells in the exospore appear in figure 38, and an apical cell 
at each end of the eight-celled thallus is seen in figure 41. For the most part, 
the markings of the exospore are faint and scattered, but even the “rosette’’ 
pattern is present on some of the younger sporelings, as seen in figure 37. 
The first leaves formed on the shoot are of the primary type (figs. 42, 43), 
and are followed by the characteristic juvenile leaves (fig. 43). 

C. GTTiANENSis (N. & M.) Steph. (Figures 44r-54.) The sporelings of this 
species differ markedly from those described above for the other species of 
the genus. In addition, even the spores from one capsule may show a curious 
range of variation in their patterns of development. The spores are green, 
elongate, and have the markings characteristic of the genus at the time that 
they are shed from the capsule (fig. 44). After this a series of cross walls is 
formed, cutting off four cells as in the other species (fig. 45), or a variable 
larger number (fig. 46). It appears that either of two types of development 
may then take place in these filaments. Either a plate of cells two cells broad, 
four cells long, and one layer of cells thick may develop (fig. 47), as in the 
other species, or the filament may divide irregularly so that a slender, 
cylindrical mass of cells is formed (see fig. 50). Figures 47 and 50 were made 
from sporelings from the same capsule. In addition, a few of the sporelings 
had developed an apical cell with two cutting faces from one end of the 
thallus within the old exospore (figs. 48, 49), and in one of them a secondary 
thallus several cells long had been formed (fig. 49). None of the more mature 
sporelings which were observed showed an indication of such a secondary 
thallus. All of these older sporelings (25 or more from several capsules were 
studied), were of the types shown in figures 53 and 54, and those on which 
several primary leaves were well developed were similar to that illustrated 
in figure 54, Here a slender, cylindrical mass of cells develops within the 
old exospore and at one end of this the leafy shoot is formed. Figures 51-52a 
illustrate variations in which part of the thallus within the exospore is one 
layer of cells thick and part is several cells thick. They suggest transitional 
stages between the two modes of development. The thallus shown in figure 53 
must have originated through earlier stages such as those illustrated in fig¬ 
ures 45 and 47; while a thallus of the sort shown in figure 54 suggests earlier 
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stages like those illustrated by figures 46 and 50. The sporeliugs illustrated 
in figures 46, 47, 49,50, 51, 52 and 52a came from one capsule. Here, the vari¬ 
ations are certainly internal in origin, rather than the result of the influence 
of the environment. The material suggests that the cylindrical type of thallus 
is the final result of development within the old exospore, and that it may be 
arrived at through either of several patterns of development. 

The discovery of a sporeling pattern in C. guianensis totally different 
from any yet observed in any other species of Ccratolejvunea tends to sug- 



Figs. 44-54. (\ ffuiantMtis (X. & M.* Steph. Fig. 44. A spore from an immature 
capsule. Flos. 45-40. Initial stages in cell division in the development of the sporeliug. 
Fig. 47. An eight-celled thallus within the oxcwpore similar to the condition found in the 
other species of the genus. Figs. 48-49. Karly stages in the development of the sporeling 
in which an apical cell with two cutting faces is formed at one end. Figs. 50-52A. 
Variations in the development of tin* multicellular cylindrical tlmllus from one end of 
which the leafy plant develops. Fig. 511. A sporeling in which the thallus is one layer 
of cells thick except just below the leaty shoot. Fig. 54. A characteristic mature sporeling 
showing the slender cylindrical thallus and the shoot with well developed primary leaves. 
All magnifications, x 400. Nos. 46, 47, 49, 50-53 are from one capsule. Brawn from E. 6\ 
Button, Coltr , and Rowland, 8M, Trinidad. 

gest that the species has been incorrectly assigned to this geuus. The absence 
of well developed horns on the perianth might also be used as an argument 
iu favor of this line of thought. On the other hand, the fact that in at least 
some of the capsules, sporeliugs occur which follow, in the earlier stages at 




646 


BULLETIN OF THE TORREY CLUB 


[Vor,. 71 


least, the plan of development observed in other species of the genus (an 
eight-celled thallus stage in the exospore in figure 47, and a secondary thallus 
with an apical cell with two cutting faces in figure 49), causes one to question 
such a conclusion. With only our present information there can be no 
decisive answer. 

Of the 12 species discussed above, len of them indicate a common basic 
pattern of sporeling development. The remaining species, C. malleigera and 
C. guianensis , in addition to a difference in the sporelings, also have other 
characters which to a greater or lesser degree are at variance with the 
characteristics of the genus Ceralolcjnniea . Both species also have some 
vegetative characteristics which are definitely of the Ceralolejeunca cate¬ 
gory. Such species present a difficult and puzzling problem to the taxono¬ 
mist, and the discovery of sporeling patterns different from that of the other 
species of the genus only adds to the difficulties involved. 

Our knowledge of the sporelings, together with their patterns of develop¬ 
ment and range of variation, in the other genera of the family Lejcunractac 
is still too meagre to be of assistance in the interpretation of the puzzling 
problems presented within the genus Ciratohjeunea . The results to the pres¬ 
ent time indicate, however, that within limits these patterns do serve to 
show relationships and therefore can be of service in both taxonomic and 
phylogenetic interpretations. 

2. VEGETATAVK REPRODUCTION 

Vegetative reproduction has been mentioned m the genus by Evans'* 
(p. 277), who states that it is not unusual for a leaf cell to give rise directh 
to a leafy shoot or propagulum without the interpolation of a protonemal 
structure; and by Degenkolbe 7 who quotes Evans (p. 59), and later lists 
Ceratolejeunea as having two records of brood bodies of the thallose form 
(p. 89). He does not describe or figure these structures. 

Vegetative reproduction from ordinary leaf cells was seen in eight of the 
species studied. Except for C. cadnnfolta the phenomenon was of infrequent 
occurrence, and in many of the species only one or two examples have been 
observed, although a quantity of material has been examined. Except in f. 
cadueifoliu the leaves on which they occurred were attached to the stem. 

The story of development of the new plants in all of the species except 
C. caducifolia is briefly as follows. An apparently mature cell of a leaf 
dedifferentiates and bulges, usually on the dorsal surface. Then, through the 
formation of a wall, in optical view at right angles to the long axis of the 

fl Evans, A. W. Hepatite of Puerto Rico. V. Ooratolejeunen. Bull. Toney Club 32: 
273-290. pi. W, SO. 1905. 

7 Degenkolbe, W. Brutorgano bei beblatterten Loborinooson. Ami. Bnol. 10: 43-96. 
/. 1 - 112 . 1937. 
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cell, two cells are formed. Further divisions in these bring about the forma¬ 
tion 6f an apical cell with three cutting faces, which initiates the formation 
of the leafy plant Rounded, undifferentiated cells are always present in 
greater or lesser numbers around the base of the stem. These cells were 



/ 400, from Brttus tW 06, I'ostn Kira. Figs. 57-01. C. Montana (Spr.) Stopli. Fig. 57. 
Ventral view of a young plant, - X tlie underleaf, x 90. Fig. 58. Dorsal view of the same 
plant, * 200. Fig. 59. Detail of the base, \ 400. Fig. 00. Ventral view of a plant x 90. 
Fig. 01. Detail of the base, x 400. Figures 57-59 fiom \fot*en J66\ Brasil; figures 60-01 
fiom lhttttt 634, Martinique. 
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formed through several divisions of the first pair of cells from the original 
leaf cell, but they did not become a part of the structure of the stem. * 

Leaves of the primary type usually precede the formation of the small 
leaves with ventral lobes. So long as only one row of ventral cells is formed 
from the ventral segment, no underleaves develop; but they make their 
appearance soon after two ventral rows are established. The first underleaf 
is in most plants undivided, but stems on which only the bifid type occur are 
occasionally met with. More detail of the development can best be brought 
out under the individual species. 

C. spinosa (G.) Steph. (Figure 55.) The figure represents the only exam¬ 
ple of regeneration observed in this species. The shoot originated on the 
dorsal side of the leaf and had become very long. A number of rounded cells 
surround the base of the stem, and two rhizoids have been produced near the 
base. The first leaf suggests the primary leaf of the sporeling, but the other 
leaves suggest the pattern of the adult leaves rather than juveuile leaves, 
since the water-sac is less than half the size of the dorsal lobe. The first under¬ 
leaf is elongate and undivided, but the rest are orbicular and bifid and more 
nearly approach the adult type. 

C. flagellj FOR mis (Steph.) Fulford. (Figure 56.) Several examples of 
regeneration were found in a collection of this species made by Brenes in 
Costa Rica. The species characteristically produces numerous flagelliform 
branches, some of them so slender and with leaves so greatly reduced that 
they suggest the shoots which have developed from leaf cells. The position 
of origin will at once distinguish the two. The larger leaves of the flagelh- 
form branches are coarsely toothed, but the smaller ones are entire and simi¬ 
lar to those of the stems from leaf cells. The plant seen in figure 56 developed 
on the dorsal surface of a leaf from a cell with thick walls, located half a 
dozen cells from the margin. From the ventral surface it could be seen that 
this cell had divided into two and that one of these new cells hail divided 
again. Very few rounded cells were formed at the base of the stem The first 
underleaf is undivided but the'later ones are bifid. Some of the leaves were 
of the primary type, plane, others had water-sacs of one sort or another. 

C. maritima (Spr.) Steph. (Figures 57-61.) Figures 57-56 show the sort 
of plant produced in regeneration in that variant of the species in which the 
leaves are characterized by a 44 nerve” of large ocelli. Plants of this sort 
apparently regenerate more readily than those of the other variations of the 
species, for the new plants were present in many of the collections. They are 
always robust, with tha basal rounded cells fairly numerous and conspicu¬ 
ous. The,first leaves are of the primary sort (figs. 57, 58); they are followed 
by leaves with larger w ater-sacs but w r hieh are less saccate than the juvenile 
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leaves. Three of these leaves show the row of ocelli. The first underleaf is 
undivided. Figures 60 and 61 illustrate a plant produced through regenera¬ 
tion in another of the variants of the species, one in which ocelli are solitary 
or in pairs and basal, This plant is very similar to that shown in figures 57 
and 58 except that the first underleaf is bifid. The first underleaf of other 



Unique. Fk?n. 64, 65. (\ rorvuta (Lindonh.) Nteph. Fig. 64. Mature leaf cell which has 
gone through two divisions on the way to the formation of a new plant, v400. Flo. 65. 
Ventral Mew of a young plant, * 200. From Fcndltr, Trinidad. Figs. 66, 67. C. guianen- 
six (X. A M.i Nteph. Fig. 66. An early stage in regeneration, x 400, from Small , M osier 
and Small (UoS in Florida. Fig. 67. Dorsal view of a young stem, \ 200, from Britton 
d* Shaft r 17 H in Puerto Pico. Fig. 68. (\ eubensix (Mont.) Kchiffn, Dorsal view of a 
young plant, x 200, from titans J4S, Jamaica. Figs. 69-72. C. eadncifolia (Spr.) Stepli. 
Fig. 69. Ventral view r of a young plant, x 90. Fig. 70. Portion of the margin of a leaf 
with two cells m early stages of regeneration, x 400. Fio. 71. Detail of the base of a shoot 
on the margin of a leaf, x400. Fig. 72. A leaf with four marginal shoots, x90. From 
Spt mu , Man&os, Brazil. 

shoots on different leaves was undivided. Figure 61 shows that here, as in the 
other plants, a distinct group of rounded cells is developed at the base of the 
new shoot. 
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C. paten^ssima (H. & Gk) Evans. (Figures 62, 63.) Figures 62 and 63 
show both the dorsal and ventral views of the only example which was seen. 
The rounded basal cells are numerous. Most of the leaves are pointed, a 
character not observed in the young plants of the other species. All the leaves 
show some development of a ventral lobe. All the underleaves are definitely 
bifid. 

0. cornuta (Lindenb.) Steph. (Figures 64-65.) Figure 64 shows an 
early stage in the development of a new shoot from a leaf cell. The enlarging 
leaf cell has bulged on the dorsal surface and divided twice. Figure 65 shows 
a young plant in which only a few of the rounded, basal cells were developed. 
Three of the leaves, nos. 1-3, are of the primary type and nos. 4 and 5, which 
follow, give an indication of the development of the ventral lobe. It is of 
interest to note that up to the point of the formation of the third leaf, only 
one row of ventral cells has developed (see x in fig. 65), but at this point two 
row r s can be observed. It is after these two longitudinal rows have become 
established that an nnderlcaf, no. 6, makes its appearance. It is undivided. 

G. gtjianensis (N. & M.) Steph. (Figures 66 and 67.) Figure 66 shows an 
early stage (but somewhat later than that of figure 64), in the development 
of the new shoot. Figure 67 shows a leafy plant The leaf at the top of the 
stem has a single large ocellus. Few rounded cells were developed at the base 
of the stem. Other larger plants in which there wen* half a dozen pairs of 
leaves of the primary and juvenile types were occasionally seen These were 
similar to the shoots of C. maritime! except that very few rounded cells were 
formed at the base. 

C. hjbensis (Mont.) Sehiffn. (Figure 68.) Regeneration is not uncom¬ 
mon in plants of this species. Most of the shoots were small, and had pro¬ 
duced only a few leaves, of the primary type. Rounded cells are conspicuous 
at the bases of the shoots. Figure 68 is representative. It suggests the shoots 
of C. cornuta and C. ejuianensts shown in figures 65 and 67. 

r 

(\ caducifolia (Spr.) Steph. (Figures 69-72.) Regeneration in tins spe¬ 
cies is somewhat different from that in those just described, since the new 
plants usually arise from the marginal cells of the leaves. A cell bulges 
beyond the normally crenulate margin (see figure 70). Next a wall at right 
angles to the margin and to the plane of the leaf divides the cell into two 
(fig. 70). Most of these cells again divide at right angles to the first wall and 
to the plane of the leaf (fig. 70). The next divisions initiate the formation 
of an apical cell with three cutting faces. Through the activities of this cell 
the leafy plant is developed. Every cell formed through the early divisions 
of the marginal cell^ becomes a part of the stem, and there are no rounded, 
undifferentiated cells at the base of the stem as there are in the other species. 
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The leaves of the new plspit all give Home indication of a ventral lobe (fig. 
69). In some of the stems which were examined there is only one row of 
cortical cells developed from the ventral segment, and underleaves are ab¬ 
sent. Some of the new shoots were very long and some of these developed 
juvenile leaves for a time, so that a stem often shows a variety of leaves (see 
figure 69). No underleaves were observed. 

In all these species the pattern of development of a new shoot from a 
leaf cell through regeneration is more or less uniform. The development in 
(\ endue ifolia is somewhat different, but only in that the new shoots usually 
arise from cells of the margin rather than from the interior of the leaf. This 
same i>attern of regeneration also occurs in Frullania Asagrayana, Leu - 
eolejetuua elypeuta , etc., and thus appears to be of little significance as an 
aid in the taxonomy of the genus or the species. 

SUMMARY 

1. Sporelings 

1. Sporelings of twelve species of Ccratolejcunea have been studied. 

2. The sculpturing of the spore eoat was similar in all of the species, and 
like that of several of the other genera of the Lrjeimeaceae. The exospore is 
papillose with additional thickenings in the form of scattered “rosettes . 1 ’ 

3. The sporelings show a fundamental basic pattern of development 
which may well be designated the <\rafalejcunea type. In this, a thallus two 
cells broad and four cells long is formed within the exospore. An apical cell 
with two cutting faces develops from one of the cells at the end, and the 
segments cut off from it form the secondary thallus which becomes four cells 
broad and of indefinite and variable length. Eventually, the apical cell of 
this thallus becomes transformed into an apical cell with three cutting faces 
and the leafy axis is formed through its activities. In (\ maUeigera and C. 
guiattf usis exceptions to this pattern occur. 

4. There is some 1 variation among the sporelings of a single species: 

a. Variations of the thallus within the exospore take the form of fewer 
cells; or of more cells, which are formed through the division of one or more 
of the original eight cells; or of a second apical cell at the opposite end. 

b. Variations of the secondary thallus have to do primarily with its 
length and less often with its width. Often it is only one or two cells long 
when the leafy plant is formed. Branching from marginal cells is not 
uncommon. 

5. The leafy stem develops at the growing tip of the secondary thallus. 
The first leaves are of the primary type and are followed by the leaves with 
large water-sacs, the juvenile leaves. 

6. The pattern of development of the sporelings appears to be constant 
within the genus (when (\ maUeigera and (\ gniau crisis are excepted), and 



BULLETIN, OF THE TORRKY CLUB 


fVoL. 71 


654 


may be used to advantage in the taxonomic study of species whose position 
has been regarded as doubtful. 

7. C. malleigera may be considered an aberrant species, for only two 
horns are developed on the perianth and the secondary protoneiua of the 
sporeling is six celJs broad instead of four. 

8. C. guianensis exhibits a mature sporeling of entirely different pattern 
from that of the other species studied. It is long, slender, and cylindrical. 
Whether this difference should be regarded as significant in relation to the 
taxonomic position of the species cannot be demonstrated at the present time. 

9. There is every indication from this study that sporeling patterns can 
be of assistance in generic determinations; and that a knowledge of these 
patterns will aid materially in the reconstruction of phylogenetic relation¬ 
ships. 

2. Vegetative Reproduction 

10. The single leaf cell which gives rise to the new plant is totipotent. 

11. The cell bulges (usually on the dorsal surface of the leaf), and after 
several divisions an apical cell with three cutting faces is formed. In most 
species some of the early cells formed divide several times more and remain 
as a collar of rounded, unspecialized cells at the base of the stem. 

12. The first two leaves formed are usually of the primary type, and 
those which follow are usually of a modified adult form. .Juvenile leaves 
occur only occasionally. 

13. Usually only one vertical row of cortical cells from the ventral seg¬ 
ment occurs on the lower part of the stem. It is only after two rows become 
established that the underleaves are formed. 

14. The first under leaf of most new plants is undivided, the later ones 
are bifid. 

15. The pattern of development of the new shoots of C. cathtcifolia differs 
from that of the other species in that each arises from a marginal cell, and 
no supplementary rounded cells are formed at the base of the stein. 

I wish to express my appfeciation to I)r. A. W. Evans who lias given 
generously of his time in reading the manuscript and in making suggestions 
and criticisms; to Dr. H. W. Rickett for helpful suggestions; and to the New 
York Botanical Garden for the use of the Library and the Herbarium and 
for facilities for work. 

UNTVEBS1TY OF CINCINNATI 
AND 

The New York Botanical Garden 
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A NEW PARASITIC RED ALGA FROM SOUTHERN 
CALIFORNIA 

Elmer Yale Dawson 

Ivylin 1 recognizes three parasitic genera in his monograph of the Deles- 
seriaceae: Gonimocolax , Polyeoryne, and (tonimophylluni, all of which are 
arranged as members of the Nitophylleae. Gonimophylluw is placed in the 
Cryptopleura Group because the gonimoblasts bear terminal earpospores, 
while the other two genera are placed in the Myriogramme Group in which 
the gonimoblasts bear earpospores characteristically in chains. All three 
genera Jack growth from an apical cell, except in young stages, and inter¬ 
calary division of the primary cell row is typical. 

A new and very distinctive parasitic genus, Lora nthoph yens, is described 
below, distinguished from the other parasitic Delesseriaceae by its mode of 
growth from an apical cell, and by the absence of intercalary division of the 
primary cell row. The divisions of the apical cell are not limited to young 
stages, but continue through the entire growth of the thallus. Although this 
is not yet eon firmed by studies of rystoearpic plants, from the evidence at 
hand Lora nth ophyvnx seems to be a degenerate member of the Membra- 
noptcra Group of the Delesserieae in which (1) growth is from an apical 
cell, (2) tertiary cell-row initials do not reach the thallus margin, and (3) 
intercalary division of the primary cell row is absent. 

Loranthophycus Dawson, gen. now 

Thallusminutulus, parasiticus, dilute roseus; partibus fertilibus e pulvino 
humili in hospite, laneeolatis, eompressis, brevistipitatis, cellula apicali sine 
divisionibus cellularum interealarium in primario online crescentibus; 
cellula prima tertii ordiuis non in margine posita ; tetrasporangiis tripartitis, 
per totam frondem sparsis; eystoearpiis antheridiisque nondum visis. 

Plants minute, parasitic; fertile thalli pale rose-colored, arising from a 
very low, ineonspieuous, eushion-like point of union with the host, lanceolate, 
compressed, with a short stipe; growth from au apical cell which cuts off a 
thin, saucer-shaped cell basally, this soon divided by two inclined lateral 
walls to set off the initials of the primary (central) and secondary cell-rows; 
secondary cell-row initial remaining at frond margin; tertiary cell-row 
initials not reaching margin; lateral divisions to form pericentral cells be¬ 
ginning very near the apex ; intercalary division of primary cell row absent; 
tetrasporangia tripartite, borne abundantly throughout the expanded part 
of the fertile thallus beneath the small-celled surface layer; eystoearps and 
anth eridia tinknown. 

1 Kylin, H. 1924. Ntmlirti ubtM* die DelcHHeriwcen Lunds Vniv. Arsskr. 11, Afd. 2. 
20: Mil. 
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Loranthophycus californicus Dawson, sp. nov. (Figs. 1-4.) Frons brevi- 
stipitate, plerumque sola e strato basilari pu Ivina to, circiter 1 mm. alta; 
laminis lanceolatis oompressis, integris, simplicibus aut bifurcatis, cireiter 
400 p latis, 200 p erassis; tetrasporangiis per totam frondein sparsis, maturi 
90-100 p diam,; evstocarpiis autheridiisque nonduin visis. 

Fertile fronds usually arising singly from the basal cushion, about 1 mm. 
long, lanceolate, compressed, acute above, narrowed below to a short, thick 
stipe; blades entire, simple or commonly forked, sometimes 3-lobed, the seg¬ 
ments about 400 p broad, 200 p thick, of several layers of cells; surface cells 
16-20 p broad in surface view, forming an even epidermal layer; medullary 
cells 25-35 p in greatest diameter; tetrasporangia scattered throughout the 
expanded frond in the outer medulla beneath the epidermis; mature quartets 
of tetraspores 90-100 p in diameter; cystocarps and antheridia unknown. 



Figs. 1-4. Loranthojjhycmt cahforntrus Thiuson. Fig. 1. A mature, simple tetrawpoiu* 
plant. x50. Fig. 2. A mature, forked tetrasporic plant. ^ 50. Fig. II. Mediau optical 
view of the growing apex showing apical cell, x 3.10. Fig. 4. Fioss section of mature 
tetrasporic frond showing teti a sporangia! (unities, x 100. 

Type: Parasitic on sterile fronds of an undcseribed delesscriaceous plant 
dredged from rocky bottom at a depth of 25 meters off Point Loma, San 
Diego County, California, March 10. 1944. Deposited in the Herbarium of 
the University of California. # 

Loranthophycus californicus has been noted in but a single collection in 
which tetrasporic plants alone occurred in great abundance. A study of 
cystocarpic plants, therefore, may be expected to demonstrate more precisely 
the relationships of this peculiar plant. 

Since most parasitic algae are limited to a single host and usually belong 
to the same family as does the host, the present inability to give specific 
identity to the plant «upon which Loranthophycus californicus grows is not 
entirely satisfactory. It seems (dearly delesseriaeeous in structure, however, 
and vegetatively fits very nicely in the austral genus Platyclinia alongside 
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of P. Crozieri. The plant may, indeed, prove to be an undescrxbed boreal 
genus closely related to Platyclinia . For purposes of identification the fol¬ 
lowing brief characterization is given. 

Fronds erect, to 12 cm. high, membranous, rose-colored, attached firmly 
to rocks by means of a thin, adherent crust augmented by a few, short, clasp¬ 
ing stolons, expanded from a branched, subterete stipe 1.0-1.5 cm. high; 
blades 3-4 from each main stipe, narrowly cuneate for 1.5—2.0 cm. above the 
point of branching, then expanding abruptly into a thin, smooth, veinless, 
narrow ovate, membranous portion 3-4 cm. broad, this usually simple, but 
sometimes dividing above the middle into two broad lobes; margins irregu¬ 
larly shallowly lobed or simply undulate; membranous parts with an exter¬ 
nal layer of small, flattened, pigmented, squarish cells and several irregular, 
medullary layers of large, colorless, thin-walled ceils. 

Acknowledgment is due to Dr. Martin W. Johnson who collected the type 
specimens. 

Soripps Institution 
La Jolla, California 
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A NEW MONARDA (LABIATAE) AND A NEW CALOCARPUM 
(SAPOTACEAE) FROM MEXICO 

Charles Louis Gilly 

From collections made in various parts of Mexico during: the year 1943, 
by members of a group on leave of absence from or associated with the New 
York Botanical Garden, the two entities below are selected as being worthy 
of description. 

Monarda malloryi Gilly, sp. now Herba perennis; caule simplici vel 
rainoso; foliis serratis, supra glabris, subtus strigilloso-hirsutis ad venas, e 
deltoideo-lanceolatis ad deltoideo-ovata; foliorum laminis maximut 5.5-7.0 
cm. longis, 2.4-3.0 cm. latis; calycibus 8-12 mm. longis, glabris, in ore dense 
hirsutis; corolla rubra vel rubro-magenta, 23-34 mm. longa, ore 3-4 mm. 
lato; staminibus sub ore corollae 3-4 nnu. insertis. 

Perennial herbs to at least 1.2 m. tall; stems simple or branched, glabrous 
to sparsely hirsute particularly on the angles and at the nodes. Leaves del¬ 
toid-lanceolate to deltoid-ovate, serrate (the teeth 3 6 mm. apart), glabrous 
on the upper surface, glabrous beneath except for sparse strigillose-hirsute 
pubescence on the veins, the largest 5.5-7.0 cm. long and 2.4-3.0 cm. wide, 
broadest 6-10 mm. above the base, scarcely more than one-half as long as the 
internodes which they subtend; median petioles 5-10 mm. long. Glomerules 
of the inflorescence solitary at the apices of the main stem and branches 
(when these are present), 1.5-3.0 cm. in diameter excluding the corollas; 
subtending bracts foliaeeous, red-tinged or completely red on the upper sur¬ 
face, pale green beneath, glabrous above and below except for the strigillose- 
hirsute veins below, deltoid-lanceolate to lanceolate-elliptic, sub-petiolate, the 
larger 2.5-4.0 cm. Jong and 1.2-2.8 cm. wide. Calyces 8-12 mm. long, gla¬ 
brous externally, the orifice densely hirsute; calyx-teeth 1-1.5 mm. long, 
glabrous or minutely pubescent but not glandular. Corollas crimson to crim¬ 
son-magenta, sparsely pubescent with crisp hairs, 2.3-3.4 cm. long, 3-4 mm 
broad at the throat, the constricted portion of the tube 8 14 tutu. long. 
Stamens attached 3-4 mm. within corolla throat, exceeding the galea by 3-6 
mm.; filaments glabrous, 12^15 mm. long; anthers 3 mm. in length. Style 
glabrous, exserted 3-8 mm. beyond the galea. 

Type: Mexico —Veracruz: near Piletas, July 14, 1943, Donald Dodds 105 
(NY). Probably also referable here are Purpns 6048 , Plunkett s. w., and 
Leibmanti 15583 , from the same general area, which have been doubtfully 
referred to M. Pringlei Fernald by MeClintock and Epling (Univ. Calif. 
Publ. Bot. 20 ( 2 ) : 161. 1942). 

The species is named in honor of Dr. Lester Dewitt Mallory, Agricultural 
Attache of the IT. S. Embassy in Mexico City, whose co-operative interest has 
been of utmost valufc in furthering recent collecting in Mexico. Although 
most closely allied to Monarda pringlei Fernald of Nuevo Le6n and Coahuila, 
and exhibiting certain tendencies toward ilf. bartlettii Stand ley of Tamauli- 
pas, this entity—which should be an interesting garden subject wherever it 
* can be grown—definitely merits specific recognition. 

058 
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Calocarpum huastecanum Uilly, sp. nov. Arbor laeticifera; foliis sub- 
eoriaeeis, supra atroviridibus subtus pallido-viridibus, glabris praeter peti¬ 
oles et venulos subtus permanenter brunneo-tomentosos; laminis oblaneeo- 
lat is vel anguste obovatis; floribus pedunculatis, faseic/ulatis vel solitariis; 
braetis florileris Janceolatis ad lato-orbicularibus; perianthio Juteo-albo, 
lobis quadrato-ellipticis; antheris et perianthii lobis subaequalibus; sta- 
minodiis staminodiorum filameutis consimilibus; ovario in anthesi conieo 
pubescenti; fructu iguoto. 

Tree with soft wood and milky sap to at least 30 m. in height and with 
stem to 1 m. in diameter. Leaves clustered at the apices of branches, sub- 
coriaccous, dark glossy green above, pale green beneath, glabrous except for 
the petiole and the veins beneath which are densely anti persistently brown- 
tomentose; leaf-blades oblaneeolate to narrowly obovate, acuminate at the 
apex, 20-35 cm. long and 4-7 cm. wide; petioles stout, terete, 2-5 cm. long. 
Flowers solitary in axils of leaves of the season and grouped in small clusters 
above the old leaf-scars, shortly pedunculate, the stout peduncles 1-3 mm. in 
length. Floral bracts (which simulate an imbricated calyx) 5-8, minutely 
tomentose, yellowish-green with brown margins, entire, eiuargiuate or erose 
at the apices, the outermost minute and lanceolate, the innermost broadly 
orbicular and to 4.5 nun. long and 5 mm. wide. Perianth subflesliy, 5-lobed, 
pale yellowish-white, 6-9 mm. in length and to 10 nun. in diameter at anthe- 
sis, the lobes spreading, quadrate-elliptic, rounded to almost truncate at the 
apices, 3-4.5 mm. long and 2.5-3.5 mm. wide. Stamens 5, attached at the 
summit of the perianth-tube opposite the lobes, equaling or slightly exceed¬ 
ing them in length; anthers narrowly sagittate, 1-1.5 mm. long. Staminodes 
subfleshy, terete, acute, 1-2.5 mm. lon<>, resembling the filaments of the 
stamens and attached between the lobes of the perianth. Ovary at anthesis 
2-3 mm. in diameter, conical, multi-ribbed, short-pubescent; style glabrous 
or sparsely minutely pubescent, apieally truncate, 3-5 mm. long. Fruit not 
definitely known; said by natives of the area to be ovoid-globose, blunt at 
the apex and about 12-15 cm. long. 

Type: Mexico- -San Luis Potosf: north of Tamazunehale at Km. 387 on 
the Laredo-Mexieo City highway, July 14, 1943, 0. L. Oilly ami II. ll T . 
RicUtt 12 (NY). 

The specific name is based on the common native geographical designa¬ 
tion of the area towards the western margin of which the type w*as collected. 
The species differs from the other known species of the genus in Central 
America and Mexico principally by the persistent ferrugineous pubescence 
of the leaves, by details of the flower structure and, possibly, in the size and 
shape of the fruit. 

Note: Since this paper was submitted for publication 1 have received a 
communication from Dr. (\ L. Luiulell, of Southern Methodist Fniversity, 
who observed the tree—from which the type was obtained—on November 6, 
1943. lie writes: “The small ovoid fruits were scarcely more than two inches 
long.” Whether the fruits had at that time attained their mature size is not 
definitely known. 

Mexico, D. F. 
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THE FERNS OF GILGIT, BALTISTAN, AND LADAK 

Ralph R. Stewart 

Most of the region covered by this paper is north of the Indus River and 
comprises the northernmost part of the British Indian Empire. It is north of 
the main Himalayan chain; the chief mountains are the Karakorums. Renato 
Pampanini (1930) in La Flora del Caracorum lists only five ferns and two 
species of Equisetvm. I have visited parts of this region, and have obtained 
records of 25 additional ferns from this little known part of Central Asia. 

The Karakorum Mountains form a massive barrier with passes 18,000 feet 
or more in height, shutting off practically all intercourse between Kashmir 
and the territory to the north. In this region are the largest glaciers outside 
of the arctic and here is to be found Mt. Godwin Austen, the second highest 
mountain in the world. 

Gilgit, or more correctly, the Gilgit Agency, is just west of Baltistan and 
outside of Kashmir proper. The Gilgit Cantonment is a little less than 5000 
feet in altitude and much low T er than the rest of the area, which is very high 
and extremely rugged. 

Ladak and Baltistan are the two chief divisions of the country to the north 
of the main range of the Himalayas in Kashmir State. They are both drained 
by the Indus and its tributaries. In the Flora of British India (Hooker 
1872-1896) this region is called Western Tibet. Baltistan used to be called 
Little Tibet. In this paper the Deosai region south of Skardu is included in 
Baltistan, and Dras as part of Ladak. 

The Indus at Skardu, the chief village in Baltistan, is about 7600 feet 
above sea level, while at Leh, the capital of Ladak, it flows at 11,000 feet 
The whole country is mountainous. There is very little rain; the average al 
Leh is 2.7 inches a year. There is, how T ever. much snow, which falls in the 
winter on the high mountains. There is little rain or snow in the main valleys 
It is not a good country for ferns and none of the ferns in this list is abun¬ 
dant except Cystopteris fragtlis . There are no real forests but in favorable 
places juniper forms trunks of good size without attaining much height. 

Little work has been done on the ferns of Kashmir and the territory to the 
west. In the Journal of Botany for 1896 C. W. Hope published a list of 27 
ferns which had beet* gathered by Gen. W. Gataere on the Chitral Relief 
Expedition. Chitral is on the Afghan frontier southwest of Gilgit. His report 
includes a few fonts from lower levels. Most of the ferns here recorded grow 
at altitudes of from 8000 to 12000 feet, w r hile a few r grow even higher. They 
are chiefly temperate or alpine forms, except for Ceterach officinarum and 
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Cheilanthes persica, which are Mediterranean ferns growing at the eastern 
extremity of their range in the hot, dry, Indus valley. 

The most useful work for those interested in the ferns of North India is 
C. W. Hope’s “Ferns of Northwestern India,” published in parts in the 
Journal of the Bombay Natural History Society from 1899 to 1904. Many 
of the records which follow are to be found in this work. 

In spite of the inaccessibility of the region it has been visited by a good 
many explorers, beginning with William Mooreroft in 1820. Pampanini 
(1930) gives an excellent list of the visitors who collected plants, together 
with a bibliography and an account of the routes followed. The only omission 
T notice is the failure to mention the name of J. E. Winterbottom in connec¬ 
tion witli the Tibetan Boundary Delimitation Commission of 1847-1848. 

Most of the specimens mentioned are in the Debra Dun Herbarium of the 
Imperial Forestry Research Institute in North India and in the Royal Bot¬ 
anic Gardens at Kew. Many of them are in the Gordon College Herbarium at 
Rawalpindi in North Punjab. 

I have omitted Equmtum diffusion , which I reported from Ladak in 
1917, for I now consider it to be E . arvense. According to Pampanini, Wal- 
licli had a specimen of Pteri.s l on yifolia ( vitfata ), which Mooreroft gathered 
in Ladak. I suspect an error, for no one else seems to have found it above 
65(H) feet It grows farther down the Indus near Mt. Nanga Parbat in the hot 
zone. 


OPHIOULOSSACEAE 


Botkyciiiitm lpnaria 
Falconer. 


(L.) Svv. Karakorum Mts., Clarke; W. Tibet, 
POLYPODIAOEAE 


Cystopteris fraoilis (L.) Bernh. The only fern common throughout, 
from 7000 to 14000 feet. 

Drvoptekis BiiANFOKDii (Hope) (\ Chr. Baltistan, 12000-13000 feet, 
Duthii. Cited by Hope. 

Dryoptkris odontoloma (Moore) C. Chr Gilgit, in 1847, 10000 feet, 
Winterbottom. Cited by Hope. 

Dryoptkris ramosa (Hope) C. Chr. Dras Valley, 10000 feet, Duthie 
11677. 

Dryopterjs bakbkjkka (Moore) Kuutze. Mitsahoi, Ladak Road, 11000 
feet, Stewart 13lot. 

I)ryoi*tekis Brpnoniana (Wall.) (>. Kuutze. Ascent Mir Panzil Pass to 
the Deosai Plains, 120(H) feet, Stewart 19991. 

Dryoptkris Linnaeana C. Chr. Gilgit, Winterbottom; near Parkutta, 
Indus Valley, Baltistan, 8000 feet, Stewart 20915. 

Dryopterjs Levinoei (Clarke) C. Chr. Gilgit, Herb. Dehra Dun. 

Polystkujpm Lonouitis (L.) Roth. Gilgit, Duthie. Cited by Hope. 

Polyhtiohum LAPUENEN8E (Ilk.) Bedd. Gor, Gilgit, 15000 feet. Tanner . 

Polystipupm Prescottian r m (Wall ) Moore. Sai, Gilgit, Tanner; 
Parkutta to Tolti, 8000 feet, Baltistan, Stewart 20923; Ohunagund, Ladak, 
9000 feet, Stewart 21053. 
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Polystichum Thomsoni (Hook.) Bedd. Tarkiti, 8000 feet, Indus Valley 
and Sliyok Valiev, Baltistan, Thomson; Mir Panzil Pass, 12000 feet, Stewart 
20005 . 

Athyrium filix-femina (L.) Roth. Ascent Mir Panzil Pass, 12000 feet, 
Stewart 19945a. Approaches var. retvsa Clarke. 

Athyrium rupicola (Hope) 0. ('hr. Near Bagicha, Indus Valley, 8500 
feet, near waterfall, Stewart 20980 (Det. Morton). 

Asplenium viride Huds. Gilgit, Tanner, Giles; Mitsalioi, Ladak Hoad, 
11000 feet, Stewart . 

Asplenium triciiomanes L. Gilgit, 5500 feet, Tanner; Katpnra Nullah, 
Baltistan, 10000-11000 feet, Duthie . Herb Delira Dun. 

Asplenium septentrional (L.) Hoffm. Gilgit, Herb. Dehra Dun. 
Asplenium ruta-muraria L. Shingo Valley, Baltistan, 10000-11000 feel, 
Duthie; Kangi Nullali, Ladak, 13500 feet, Koeh 2828. 

Asplenium fontanum (L.) Bernh. Gilgit, Tanner , (hit s; Baltistan, 
10000-11000 feet, Duthie; 7600 feet, Whiterbottom. 

Asplenium varians Iiook. & Grev. Near Skardu, Baltistan, Thomson; 
near Bagicha, Indus Valiev, Baltistan, 8500 feet, Stt wm t 2J002. 

Cryptooramma Brunoniana Wall. Ascent Mir Panzil Pass to Deosai, 
13000 feet, Stewart 19986. 

Cryptogramma Stelleri (Omel.) Prantl. Karakorum Mts, 12500 feet, 
Clarke; Ohunagund, Ladak, 9500 feet, St(wart 21059. 

Ceteraoh ofpicinarum DC. Gilgit, 8000 feet, Tamur , Herb. Dehra Dun. 
Cheilanthes persic a (Bory) Mett. Gilgit, 7000 feet. Tan an ; Skardu. 
Baltistan, 8000 feet, Stewart 20128; Above Kuril, Sliyok Valle\, Sh wart 
20860 and Kiris 20891. 

Cheilanthek Daliiousiae Hook. Near Bagicha, Baltistan, 8500 feet, 
Stewart 20961 , 21003. 

Adiantum capillus-veneris L. Kangi Nullali, Ladak, 12500 leet, Koth 
2821; Kuril to Kiris, Sliyok Valiev, 8000 feet, Stewart. 

PTERIDIUM aquilinum (L.) Kubu. Gilgit, Giles. Ilerb. Delira Dun 
Polypodium clatiiratum Clarke. Duthif , Ilerb. Debra Dun. 

equisetaceal 

Equisetum arvenskL. Khalotse to Lamayuru, Ladak, 9500 feet, Sh wart 
138a; Shimsa Kharbu, Ladak, Dt Terra and Hutchinson, Herb. New York; 
liras Valley, Osmaston , Herb. Dehra Dun. 

Equihetitm ramosihsimum Desf. Common in Baltistan and Ladak. 

LYCOPODIACEAE 

Lycopodium Selaoo L. Gilgit, 12000 feet; Burzil Pass, near Deosai, 
Koeh 9410. 

Gordon College 
Rawalpindi, India 
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chemical composition of tomato leaflets. Plant Physiol. 19: 404-419. /. 1-5. 
J1 1944. 

Fieniagek, 8. A. Physical characters of the skin in relation to apple fruit trans¬ 
piration. Plant Physiol. 19: 529-536. f. 1. J1 1944. 

Pratt, H. K. & Biale, J. B. Relation of the production of an active emanation to 
respiration in the avocado fruit. Plant Physiol. 19: 519-528. f. 1-7. «T1 1944. 

Smith, J. H. C. Concurrency of carbohydrate formation and carbon dioxide ab¬ 
sorption during photosynthesis in sunflower leaves. Plant PhysioL 19: 394- 
403. /, /, e. J1 1944. 

Smith, P. F. Inhibition of growth in guayule as affected by topping and defoli¬ 
ation. Am. Jour. Hot. 31: 328-336. f. 1-9. 7 J1 1944. 

Turrell, F. M. Correlation between internal surface and transpiration rate in 
mesomorphic and xeromorphic leaves grown under artificial light. Hot. Gaz. 
105: 413-425. 30 Je 1944. 

Viets, F. G. Cu Icium and othei poly\aleut cations as accelerators of ion accumu¬ 
lation by excised barley roots. Plant Physiol. 19: 466-480. f . 1-11. J1 1944. 

Weier, T. E. Carotene degradation in dehydrated carrots. I. Cytological changes 
in carotene and fat droplet* under conditions favorable for carotene degra¬ 
dation. Ain. Jour. Hot. 31: 312-346. 7 JJ 194 4. 

GENETICS 

(Including cytogenet ies) 

(S»*e also under Morphology: Hrink & Cooper; Cooper & Drink) 

Binset, J. Cytological basis for sterility in induced autotetraploid lettuce (Lac- 
tura ativa 1*.). Am. Jour. Hot. 31: 336 342. /. 1—9. 7 J l 1944. 

Rife, D. C. A mutation in corn pericarp. Ohio Jour. Sci. 44: 143, 144. /. 1. My 
1944. 

Stadler, L. J. The effect of X rays upon dominant mutation in maize. Proc. Nat. 
Acad. Sci. 30: 123 128. 15 Jo 1944. 

Stebbins, G. L. & Kodani, M. Chromosomal variation in guayule and mariola. 
Jour. He red. 35: 163-172. f. /-J. Je 1944. 

Whitaker, T. W. The* inheritance of certain characters in a cross of two American 
species of Lncluvo. Hull. Torrev Club 71: 347-355. f. l—i. J1 1944. 

MYCOLOGY AND PHYTOPATHOLOGY 

Barrus, M. F. A Th< caphom smut on potatoes. Phytopathology 34: 712-714. 
/’. I. J. Au 1944. 

Baxter, D. V. Some resupinate polvpores from the region of the Great Lakes. XY. 
Pap. Mich. Acad. 29‘: 85-109. pi. 7-6*. My 1944. 

Bessey, E. A. Studies upon Galera crutpa. Pap. Mich. Acad. 29': 9-14. My 1944. 

Brierley, F. & Smith, F. F. Studies on lily virus diseases: the mottle group. 
Phytopathology 34: 718-746. f. 1-11. Au 1944. 

Brown, J. G. & Boyle, A. M. Effect of penicillin on a plant pathogen. Phyto¬ 
pathology 34: 760, 761. /. 7. Au 1944. 

Bnchholtc, W. F. & Meredith, C. H. Pathogenesis of Aphamumpn* cochhoulfs 
on taproots of the sugar beet. Phytopathology 34: 485-489. /. 1-4. My 
1944. 

Coker, W. C. The smaller species of Plnirotu * in North Carolina. Jour. Elisha 
Mitchell Soc. 60: 71-95. pi. 4o-oJ. Au 1944. 

Couch, J. N. The yeast A orison (a in America. Jour. Elisha Mitchell Soc. 60: 
11-16. pi. 1. Au 1944. 
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Bodge, B. O* VotuteUa Bmi and TerticUUum Buxi. Mycologia 36: 416-426. 
Jl-Au 1044. 

Brechsler, O. A species of Arthrobotry* that captures springtails. Mycologia 
36: 382-300. /. IS. Jl-Au 1044. 

Evans, A. W. On Cladonia polyoatpia Merrill. Rryologist 47: 40-56. Je 1044. 
Forsberg, J. L., Olflon, E. It Binkley, A. M. Experiments with pea seed treat 
ment8 in Colorado. Phytopathology 34: 753-759. Au 1944. 

Gosseiin, R. Studies on PolysUelus circinnatus and its relation to butt-rot of 
spruce. Farlowia 1: 525-568. /. 1-6 + pi. IS. J1 1944. 

Graham, V. O. Mushrooms of the Great Lakes region. Chicago Acad. Bci. Spec. 
Publ. 5: -vii, 1-390. pi. 1-49. 1944. 

Greene, H. O. Notes on Louisiana parasitic fungi. IV. Farlowia 1: 569-581. 
J1 1944. 

Gustafson, F. G. Ts natural gas injurious to flowering plants! Plant Physiol. 
19: 551-558. /. 7, 2. J1 1944. 

Hanson, A. M. Three new saprophytic chytrids. Torreya 44: 30-33. 21 J1 1944. 
Hatch, W. B. A Jones, R. 0. An experimental study of alternation of genera 
tions in AUomycen arbuttculutt. Mycologia 36: 369-381. Jl-Au 1944. 

Herre, A. W. C. T. Additions to the lichen flora of the Banta Cruz peninsula, 
California. Rryologist 47: 90, 91. Je 1944. 

Herre, A. W. C. T. Lichens new to central California. Rryologist 47: 86-90. 
Je 1944. 

Herre, A. W. 0. T. A new Lccan ora from Crater Lake National Park. Rryolo 
gist 47: 91, 92. Je 1944. 

Herre, A. W. C, T. Some lichens from Sonora, Mexico. Rryologist 47: 82-86. 
Je 1944. 

Hoyman, W. G. Resistance of Guayule to the root knot nematode. Phytopathol¬ 
ogy 34: 766, 767. Au 1944. 

Jones, K. L. The influence of soil depth upon distribution of Actinomjcetos. 
Pap. Mich. Acad. 29’: 15-22. My 1944. 

Karling, J. S. Brazilian chytrids. III. Nephrochyirntm amaronenms. Mycologia 
36: 351-357. /. 1-28. Jl-Au 1944. 

Khanna, L. P. On two new species of Megac(ro8 with notes on M. arachnoid* ux, 
M. denticnlatvH, M. giganteua, and M. grandix. Farlowia 1: 513-523. f. 
1-29. J1 1944< 

Long, W. H. Studies in the Gasteromyeetes. X. Beveri new species of Tiflohtoiua. 

Mycologia 36: 318-339. A, 7-7. Jl-Au 1944. 

MacDougal, D. T. A Duffrenoy, J. Mycorrhizal symbiosis in ApUctrum , Vorallo 
rhxsa and Pinux. Plant Physiol. 19: 440-465. /. 1—9. J1 1944. 

Magnusson, A. H. & Zahlbruckner, A. Hawaiian lichens. Ark. Botanik 31A 1 : 
1-96. 24 & 1943. 

Olive, L. 8. New or rare Heterobasidiomycotes from North Carolina—I. Jour. 

Elisha Mitchell Soc. 60: 17-26. pi. 2-8. Au 1944. 

Person, L. H. The occurrence of a variant in Rhizoclonta xolant. Phytopat hoi 
ogy 34: 715-717. /. U Au 1944. 

Pope, S. A new species of Metarrhmum active in decomposing cellulose. My¬ 
cologia 36: 843-350. f. 1-2. Jl-Au 1944. 

Roberts, J. M. Additions to the mycologioal flora of the Chicago region. Pap. 
Mich. Acad. g9’; 51-53. My 1944. 

Beaver, F. J. The horse-hair fungi. Mycologia 36: 340-342. f. 1. Jl-Au 1944. 



J944] 


INDEX TO AMERICAN BOTANICAL LITERATURE 


669 


Shanor, 2* A Saslow, H. B. Aphanomyocs as a fish parasite. Mycologia 36: 413- 
416. /. 7. JI-Au 1944, 

Silveira, V. D. O g§nero Calvatia no Brasil. RodrigueRia 7 W : 63-80. pi. J~3. 
1943 [1944]. 

Singer, R. Now genera of fungi. Mycologia 36: 358-368. Jl-Au 1944* 

Smith, M. A Bacterial soft rot of spinach. Phytopathology 34: 747-752. f. 1. 
Au 1944. 

Stevenson, J. A. A Wellman, F. L. A preliminary account of the plant diseases 
of FJ Halvador. Jour. Wash. Acad. 34: 259-268. 15 Au 1944. 

Whiffen, A. J. A discussion of taxonomic criteria in the (Tiytridiales. FarJowia 
1: 583-597. f. 1. Jl 1944. 

White, W. L. Studies in the genus Helotinm. IV. Some miscellaneous species. 
Farlowia 1: 599-617. /. 1-Hh Jl 1944. 

Wiedling, S. Morphologic and physiologic investigations in diatoms. Farlowia 
1: 501, 502. Jl 1944. 

Zundel, 0. L. Notes on the ITstUaginales of the world IV. Mycologia 36: 400- 
412. Jl-Au 1944. 

ECOLOGY AND PLANT GEOGRAPHY 

Buechner, H. K. The range vegetation of Kerr County, Texas, in relation to live¬ 
stock and white-tailed deer. Am. Midi. Nut. 31: 697-743. f. 1-4. My fAu] 
1944. 

Costello, D. F. Natural revegetation of abandoned plowed land in the mixed 
prairie association of northeastern Colorado. Ecology 25: 312-326. f. 7-J. 
Jl 1944. 

Dutton, H. J. A Juday, C. Chromatic adaptation in relation to color and depth 
distribution of freshwater phytoplankton and large aquatic plants. Ecol¬ 
ogy 25: 273-282. illastr. Jl 1944. 

Fracker, S. B. A Brischle, H. A. Measuring the local distribution of Ribes. 
Ecology 25: 283-303. .11 1944. 

Frazier, J. C. Nature and rate of development of root system of Jpoeynum 
can nab imi hi. Hot. (biz. 105: 463-470. f. 7-J. 30 Je 1944. 

Hall, T. F. A Penfound, W. T. The biology of the American lotus, A 'ehuiibo 
lulfa (Wllld.) Pers. Am, Midi. Nat. 31: 74-1-758. /. 7-/7. My [Au] 1944. 
Harden, G. Symbiosis of Paramecium and Od'omonas. Ecology 25: 304-311. 
Jl 1944. 

Lepage, E. Les lichens, les mousses, et les hepatiques du Quebec. Ideologic des 
lichens. Nat. Canad. 71: 114-126. Mv-Je 1944. 

Olson, L E. W. Ecological studies of Pierport, Bear Lake, and Edgewater bogs 
in Michigan. Pap. Mich. Acad. 29': 31-50. /. 7-J. My 1944. 

Rubtsov, G, A. Geographical distribution of the genus Pyrun and trends and 
factors in its solution. Am. Nat. 78: 358-366. Jl-Au 1944. 

Weaver, J. E* Recover* of midwestern prairies from drought. Pvoe. Am. Phil. 
Soc. 88: 125-131. /. 7-<S\ Jl 1944. 

GENERAL BOTANY 

(including biography) 

Bear, F. E. Sir John Russell. Plant Physiol. 19: 391-393. 7 pi. Jl 1944. 
Christensen, B. V. The relation of pharmacy to botany. Lloydia 7; 93-100. 
Je 1944. 

Correll, D. 8. The African oil palm: its history, cultivation and importance. 
Lloydia 7: 101-120. Je 1944. 
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Oraigie, J. H. William Pollock Fraser, 18137-1043. Phytopathology 34: 707-711. 
1 pi. Au 1944. 

Machado, O. At Occhioni, p. Contrihuigao no estudio das plantus eianogenicns do 
Brasil. Bodriguosia 7": 35-44. pi. 1-!). 1943 11944]. 

Map, v. Marine phytogeography. Pnrlowia 1: 491-493. J1 1944. 

Rafinesque, O. S. A life of travels: being a verbatim and literatim reprint of tlie 
original and only edition (Philadelphia, 1830). Oiron. Hot. 8: 292-330. 
pL 3-7. Spring 1944. 

Vanterpool, T. C. William Pollock Fraser, 1837-1943. Myeologiu 36: 313-317. 
port . JI-Au 1944. 

Welch, P. S. (Uianeey Jnday (1871-1944). Urology 25: 271, 272. port. 31 1941. 
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Abies amabilis 030; balsamea 19; frascri 
19; prandts (130; nokilis 19, 630 
Aborted asci, Brooding Xeurospora from 

199 

Aetr macropbpUum 030; nepttndo 54; rub- 
rum 28-30, 34, 37, 38; saecharimun 54; 
sa cch a rum 54, (59 

Acltras zapota loaves, Borne statistics of 
235-245 

A croup* nn urn eoiupressnm 613 
AcUuomifcti\ anhbiotieus 109, 111 ; iarandu- 
Uic 111 

Aetinomvoin 111-120 

Affiant um eapillus-cetu ris 602; palatum 35 
A* robactf r acropi to s 109 
Agarics. Interest in# studies in North Ameri¬ 
can 390-409 

- iftaricn.s ah rani.sit 392; bmlatouhs 393 ; 
flaiitinpins 394; fnmo.su ,s 4<*0; plabcr 
393; lullu 393; honfh axis 393*; lauffmani 
394; mcmurphpi 393; plaeompe<* 394; 
sdraticu .s 392, 393; subruft set ntoidns 
392, 393; subrnUhset ns 393 
A pros I is ah/i<la 249, 250 
Alga, A new parasitic 055 
Allium a pa 020-022 
Abuts rubia 028; ruposa 33, 39, 40 
Ambrosia <labor 35 
Amdanchur canadt axis 28, 30, 39 
American botanical literature. Index to 99, 
179, 328, 445. 555, 003 
Ammonia latifoha 104, 105 
A ndropopon scoparius 29, 39 
A m mom i irpinmna 35 
Anothei new name in baccnunm 174* 
Antibiotic substances. Bacteriostatic and 
bactericidal properties of 107 
Appel, Anita and B. (). DomiP, Breeding 
Xt utospora from aborted asci 194* 

Antlia sptnosa 29 
Ansatma tnphpllum 35 
Aroaid mt lanocarpa 30, 33 
Arttncns dmints 35 
Aselrpias tuherosa 30, 39 
Ascprum hppenroidcs 30 
Aspcrpilhts clavatus 111; flams 109, 111; 
fumif/atus , 109, 111; nipvr 258, 259, 204- 

200 

Asphnium fontanum 002; monUumm 31; 
plat put uron 29, 31, 35; rula-muraria 


002; septentnonale 062; trichomanes 
002; various 002; viridc 662 
Athprium asplenioides 31, 35; filix-femina 
002; var. return 662; rupicola 602; the * 
Ipptf routes 30 
Aurcolaria virpinica 39 
Auxins, Effect of on decapitated sunflower 
stems 549 

Arena seedlings. Occurrence and distribu¬ 
tion of thiamine, riboflavin, and niacin 
in 438-444; satira 05, 07, 438-444 
Arnica nudi flora 28-30, 34, 38, 39 

bacillus ct n us 113, 114 ; m< paiherium 109; 
mpeoidfs 109-111, 113, 114, 119; subtibs 
109, 111-117, 119 

Bacteriostatic and bactericidal properties 
of antibiotic substances, with special 
reference to plant pathogenic bacteria 
107 

Uvkek, (»LM)YS, Heterokaryosis in Pt ni- 
cilhum not alum 307 
Baltistan, Kirns of 000 
baptism hnctorm 29, 30, 30, 39 
Behavior of excised roots of heterotic hy¬ 
brids and their inbred parents in culture 
207 

Benson, L\ m \x, A reply to Doctor PoJu* 
niu 254 

Benzene vapor. The cvtological effects of 
020-022 

Ihnnun atsUrah 30 

Berger, <A A., E. K. Withes and B. .1. 
Sellivan, The cvtological effects of l>en- 
zene vapor 620 
lit tula nipra 30 

Biosystematy of Ox promts 420 
blastt man (It ns pcm m i floras 177; proudi - 
floras 177 
boletus lahei 391 

Botanical literature, Index to American 99, 
179, 328, 445, 555, 003 
botrpehium tunaria 001; virptnianum 35 
Brazilian chytrids— 1. Species of A own- 
h'owsh'it I la 374 

Breeding Xcurospora from aborted asci 399 
bt ittonnastrum pallidum 485 
bro m us pur pans 35 
brucella abortus 100 

RruiK, Elizabeth, Selmax A. Waksman 
and 31. Christine Reilly, Bacteriostatic 
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an<J bactericidal properties of antibiotic 
substances, with special reference to 
plant-pathogenic bacteria 107 
Buried soils, Pollen analysis of 11 

Cain, Stanley A., Pollen analysis of some 
buried soils, Spartanburg County, South 
Carolina 11 

Calliergon pseud ostramineum 216, 217 
Calocarpum huastecanum 659 
Camdlia japonica , Structure and develop¬ 
ment of sclereids in the petiole of, 302- 
325; reticulata 308, 807; sasangua 324; 
sinensis 303, 307 

Camp, W. H., Another new name in Vae- 
cmvum 179; A preliminary consideration 
of the biosystematy of Oxycoccus 426 
Camp, W. H., George M. Harrow, H. E. 
Fischer and Haig Bermen, Chromosome 
numbers in Vaccmium and i elated groups 
498 

CapparU spmosa 579 

Carvalho, Alcides and M, M. RnoADES, 
The function and structure of the paren¬ 
chyma sheath plastids of the maize leaf 
335 

Carya alba 28; corchformis 51: glabra 28; 

ovata 54, 70; pallida 28 
Castanea deniata 28, 30, 34, 89; pumda 28 
Ceanothus amertcana 28, 34, 38 
Celts occidentals 52, 54 
Cerato-Lcjeitnea variability var. subs* rrata 
637 

Ceratolcffunea, Sporelings and vegetative 
reproduction in 638; Two nomenclatuial 
changes in 637; brcvirurns 643, 645; 
caducifoha 648, 651-654; cornuta 651, 
652; ctypeata 653; cubenms 644, 645, 
651, 652; flabelUformc 637, 642; flagelli- 
formis 637, 643, 649, 650; grandibracteo- 
lata 637, 644, 645; gmancnsis ,638, 640, 
646, 647, 651-654; malleigera 640, 641, 
653, 654; maritima 644, 645, 649, 650; 
megalophysa 644, 645; patent issima 651, 
652; phmula 641, 642; rubigmosa 644, 
646; spmosa 639, 641, 642, 649, 650; var. 
ftagelltformiH 637; subserrata 637 
Ceratoma sihqua 583 

CcrciSj The genus in China 419; canadensis 
34, 40, 419; chmemis 419-425; chmgu 
419-422, 424; ehuniana 419-422; glabra 
423, 424; japonica 423} occidentals 419; 
pauciflora 419-422, 425; raccmosa 419- 
422, 424; siluiuastrum 419 
Cefcrack officmarum'tfflO, 662 
Ckaetomin 311-120 


Chamaeeyparis lawsoniana 629 
Cheilanthcs dalhousiae 662; pcrsica 661, 
662 

Chicoria intubus 573 
Chimophila maculaia 29, 30, 35, 38, 39 
Chin, T. C. and C. S. Chwang, Cytogenetic 
studies of hybrids with “Makha” wheat 
356 

Chionanthus virgmica 34, 40 
Chromosome number, megasporogenesis, and 
development of embryo-sac of Clmtonia 
529 

Chromosome liumbeis in Vaceuuum and ie 
lated groups 498 

Chrysomphalus obsevrus 600, 602, 617 
Chrysopsis grammifolia 39; var. asptra 29, 
30, 35, 38 

Chwang, C. K. and T. <\ Chin, Cytogenetic 
studies of hybrids with “Makha” wheat 
356 

Cimicifitga raennosa 35, 36, 39 
Ctreat a la* t folia 35 

Cladochytnum crassum 377; huahnnm 377, 
387 

Clavaein 111-120 

Claviceps nueroet phala 611-613, 615, 616; 

purpurea 611-613, 615, 616 
Chntonm , Chromosome numbei, megaspoio 
genesis, and development of embnosac 
of 529-535; andrt wsiana 529-585; bon 
ahs 529-535; nmbtlhdata 529-535; uni 
floia 529-535 

CUloeybt aggrtgata 406; ahxandn 406, 
407; atrialba 40S; av< llaneutlba 407, 
408; brumalis 401; cfavipts 408; tltcoia 
400; dilopoda 403; retype 405; llavis- 
sima 399, 400; fumosa 406; glutiniceps 
400, 401; gomphidioides 401,402; grist o- 
lomentosa 407; harperi 407; hypnonnu 
405; mcihs 402; inornate 404, 408; isa- 
btUa 405; michigaaensis 402, 403; 
mortvosa 403; ntbularis 406, 407; obso¬ 
lete 401, 405; opwna 402; piperata 403, 
404; plalitphylla 400, 406; smopicus 
402; subahttacta 405; submit rsa 405; 
sublutea 404, 405; sulphured 400; i+ilt s 
ct ns 403; virgata 405 
Clostridium wdchu 109 
CnidoHcolus aeonitifoha 468, 470, 471; 
acrandrus 463, 473; atlniophdns 471, 
473; albomaculala 472; august ulens 472; 
appendieulata 472; balmnus 472; bdla- 
tor 464, 473; ealycvlalns 470, 472; earn* 
panulatus 472; chayamansa 466-468, 
472; cnicodendron 471, 472; eordifohus 
472; fra grans 465, 472; hanwsus 462, 
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463, 473; haslenanus 473; hcrbaccus 471, 
473; horridus 473; hypolcucus 473; in - 
ermiftorus 406, 472; infestus 473; kunthi - 
ant/* 466, 470, 472; leuconcurus 473; 
loasoides 473; lobatus 464, 473; loefgrenii 
471, 473; tongipeduncutatus 472; longipes 
472; maculatux 472; maracayensis 473; 
marcgravii 47 i, 473; matosii 464, 473; 
mtchauni 473; multdobus 465, 472; 
napaefohns 472; ncglectuH 472; obtusi- 
fohus 473; oligandrns 465, 471, 472; 
osteocarpus 473; pahnatus 472; palmert 
472; paucislamincus 472; peruvianas 
473; phyllacanthus 473; platyandrus 

464, 473; polyanthus 472; pringlct 472; 
pubesccns 472, 473; qucrcifohus 464, 
473; quinquelobaius 465, 470, 472; 
qumquclobus 473; rangel 464, 473; re 
pond us 464, 473; rotundlfoliuft 466, 470, 
472; serrutafus 473; shrere i 472; souzae 
468, 473; shmulosus 473; subinteger 
473; fiimnamtnsix 473; tcnuifohux 471, 
473; tepiquensis 466, 472; Ictracyctus 
473; tcxanus 471, 473; tubntosus 465, 
472; w/n 473; ur< ns 468, 470, 471, 473; 
urmgcrus 170, 473; ntifohns 471 -473 

CoUochactf seutata 507, 508, 510 
CoU us atropurpureus 496; btinnii 497 
Cotlyhia bnduatba 397, 399; ba&erensis 
395; cottybnformis 397; eon ft urns 397; 
cyhndrospoia 397, 398; (hstorta 398; 

/ xtnbcrans 398, 399; /lutij** 396, 398, 
399; hanoforum 397; lancipcs 396, 398; 
tariffs 398; inarulata 397; orcgoncnsis 
397; protua 397; subsulcatipes 396, 
397; jytophila 395 

Comparatiw* structure of green leaves of 
oiiental tobacco at different levels on the 
stalk in relation to their quality upon 
curing 512 

Comptoma pcngrina 28, 30 

Cordyvf pi s aganciformia 611,613, 615, 616; 

millions 611, 613, 615, 616 
Coreopsis major 29, 35, 38 
Cornus > Floral anatomy of some species of 
276; a (soph it a 277,'281, 282, 289, 292, 
294, 295, 298, 299; altermfolw 277, 286, 
289, 291, 293-295, 298, 300; amomum 
277, 283, 289, 292, 295, 298, 299; asptri* 
foha 288; brackypoda 277, 281-283, 288, 
291, 292, 294, 295, 298, 299; canadensis 
277, 281-284, 291-295, 298, 299; circi- 
nata 289; oontroversa 277, 281-283, 285, 
287, 293-295, 298, 299; drummondi 277, 
283, 287, 288, 291, 292, 294, 295, 298, 
299; ftonda 34, 38, 277, 279-283, 291, 


292, 294, 295, 298, 299; glabrata 277, 
283, 288, 289, 291, 292, 294, 295, 298, 
299; macrophylla 288; mas 277, 280-284, 
287-289, 291, 292, 295, 298, 299; oblonga 
277, 286, 287, 291, 292, 298, 299; panics 
fata 288; racemosa 277, 281-283, 288, 
292, 294, 295, 298, 299; rugosa 277, 281, 
282, 291-294, 298, 299; stolomfera 277, 
281-283, 291-294, 298, 299; stricta 277, 
281-283, 289, 292, 294, 295, 298, 299; 
suecica 277, 281-285, 291-296, 298, 299 
Creonectria purpurea 614, 616 
Crocus sativus 582 

Cronqcist, Artiiur, Studies in the Hima- 
rubaeeae—II. The genus Simaruba 226 
Cryptogramma bntnouiana 662; stetUri 662 
Cryptospora aucta 371 
Cystopleris fragihs 660, 661 
Cytisus svoparius 577 

Cytogenetic studies of hybrids witli 
“Makha” wheat 356 
Cytological effects of benzene vapor 620 

Darrow, George M., W. H. C\mp, II. E. 
Fischer and IIaig Dermkn, Chromosome 
numbers in Vaccinium and related groups 
498 

Datura stramonium 144, 150, 151 
Dawson, Elmer Yale, A new parasitic 
red alga from Southern California 055 
Jh nnstafdtta punetdobufa 36 
Dkkmen, Haig, George M. Harrow, W. H. 
C\mi* and II. E. Fischer, Chromosome 
numbers in Vaccinium and related groups 
498 

Dcschampsia fhxuosa , 30, 36 
Dionata muxcipula 596 
Dioscorca glauca 31, 35, 39 
Diospyros virgimana 28, 31, 34, 38 
Discussion of the oclmaceous genus Fhury- 
dora A. Chev. and the allied geneia of 
the Luxemburgkae 175 
Dodge, IS. O. and Anita Appel, Breeding 
Ki urospora from aboited asci 199 
Voodui cor data 96 

Drepanocladus ad uncus 212-215, 218, 222; 
\nr. capilhfohus 214, 219, 221; var. 
kneiffli 217, 221; var. typicus 221; aptcu - 
tat us 218; badivs 212-215, 218; brevi- 
fohus 212-215, 218, 219; txannutaius 
212-216, 218-222; var. rot at 214, 222; 
var. typicus 222; ft nitons 212-222; var. 
btrggrenu 214; internadius 225; hnciffii 
208, 212, 213; lyvopodiohU s 212-215, 
218-220; minni sotensis 218; rcvolvcns 
212-215, 218-220, 223-225; scorpioidcx 
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216; uncinatus 231-213, 218, 219, 223- 
225; var. subulaceus 212, 225; var. &ym~ 
nut f levs 216, 220; var. typicus 225; 
rcmicams 212-215, 218-220 
fjwsera in eastern North America 166; 
amrricana 173; anglica 166-173; brevi- 
folia 167, 170, 171, 173, 174; f) major 
174; capillar is L67, 170, 171, 173, 174; 
j filiformis 167, 170, 171, 173; vnr. traoyi 
167, 170, 172; var. typica 171, 172; 
foliosa 173; intermedia 166-171, 373; 
p corymbosa 173; y amcricana 173; f. 
corymbosa 173; linearis 167, 171-173; 
long i folia 166-170, 172, 174; minor 174; 
rotundifedia 166-168, 170-173; var. capil- 
lans 174; var. comosa 172; septentri - 
emails 1 72; ten ui folia 171; traoyi 172 
Dryopteris barbigrra 661; blandfordu 661 ; 
hrunomana 661; hexagon opt e*ra 35; 
Irving ei 661; hnmicanei 661; marginal is 
36; oelontoloma 661; ramosa 661; tn- 
foliatum 93-97 

Dwyjsr, John I)., A discussion of tin* 
ochnaeeous genus Flturydora A. CHev. 
and the allied genera of the Luxem- 
burgieae 17.1 

Effect of different concentrations of syn¬ 
thetic auxins on decapitated sunflower 
stems 549 

Euler, Frank K., Some statistics of Achras 
zeipota leaves, British Honduras 231 
Elephantopus tomentosus 36 
Klodea canadensis 339 
Epiehhe beimbusae 611-613, 615, 616; 

typhinu 613, 615-637 
Fpigeira rrpens 28, 30, 34 
HrLlN'G, Cvrl, Supplementary notes on 
American Lnbiatae— 111 484 
Egmschim arvevsr 661, 662; diffnsim 661 ; 

ra monism mnm 662 
Engrron raccmosns 31 * 

Eriope angustifolia 494; fiUfolia 495; 

trucrioides 491; trichopes 495 
Fry si phe graminis tritici , Influence of light 
on the infection of wheat by 134-142 
Escherichia coh 109, 111, 111, 119 
Enpatorium album 30 
Euphorbia corollata 29, 31, 35, 36 

Fagraea auricula!a 311, 318 
Fag us grandifoha 69 

Fahbett, Norman (\, Jumper us virgin ieirui, 
J. korkontalis and J. seoptdorum —1. The 
specific characters 410; II. Hybrid 
swarms of J . virgutiana and J. scop it- 
h>rum 475 


Fern prothallia, Peculiar 93-97 
Ferns of Oilgit, Baltistan, and Ladak 660 
Fischer, H, E., George M. D arrow, W. H. 
Gamp and Haig Hermen, Chromosome 
numbers in Vaecinmm and related groups 
498 

Flavian 111, 112 
Flrurydom 175-178 

Floral anatomy of some species of Corn us 
278 

Fokter, Adrianue S., Structure and devel¬ 
opment of selereids in the petiole of 
Camellia japonica L. 302 
Fra gar ia virgin iana 36, 39 
Fraxinus amcricana 34; bill more ana 34; 

lanceolata 52, 54, 65, 07 
FruHania asagrayana 653 
Fvlforp, Maruakkt, Sporelings and vege 
tutive reproductiou in the genus ('era 
tolrjcunea 638; Studies on American He 
pnticae— V. Two noinenelatural changes 
in Ceratolcjeuncn 637 
Fueling, Edmund II., Thomas Jefferson. 
His interest in plant life as r< scaled in 
his writings—I 563 
Fumigaeiti 111-120 

Function and structure of tin* parenclmna 
sheath p la si ids of the maize leaf 335 
Further pollen studies of peat bogs oil the 
Pacific coasts of Oregon and Washington 
627 

Galax aphtflla 28, 30, 40 
(ieiultheriei shall on 628 
(roylusseiedei beiceala 28, 30, 39 
Genus Cnidoscedus; generic limits and 
intrageneric groups 417 
drum virgimanum 36 
Gilgit, Ferns of 660 
Gtllenia trifoliate 29, 31, 36 
Gilly, Charles Louis, A non Monarda 
(Ijabiatao) and a new Caheeirpum 
(Sapotaceae) from Mexico 658 
Genuphidutx oregemensis 391 
Goodycra pubesevns 31, 36 
Gymnocladus dioica 52 

Ifennamrhs virgimana 28, 30, 38, 39 
Hansen, Henry P., Further pollen studies 
of peat bogs on the Pacific coast of Ore¬ 
gon and Washington 627 
Hedeomei ceistalum 488; drummondi 488 
Ifcdyseirum coronarium 586 
Heimia sal icifolia 165 

lleUanlhus an nit us 549-553; eitroruhcus 36 
Hepaticae, Studios in American 637 
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ITkkvey, Annette and Willi\m J. Rob¬ 
bins, Response of Vythiomorpha puna- 
podyiths to manganese 258 
Hetorokaryosis in Penicdlium not at inn 307 
Jleuehera ameneana 39; pare) flora var. 
typica 31 

Hieracium mi os um 29, 31, 35, 38, 39 
I fount on la t nun folia 29, 31, 35, 38, 39 
Hoy a earnosa 318 
Hugerxa e rift hr oca rpa 433 
Hydrangea arbor exec ns 34, 38 
If yoeyamus niger 350 
llypnum aduneum 207-209; bad in m 208; 
rossoin 208; rxannulatum 207, 208; fltti - 
Ians 207-209; ham if olium 208; inter¬ 
im (hum 208; km iffu 208; lycopodioidts 
207, 208; molt ndoaninn 208; paradoxum 
207; pst udostramint tun 208; revolving 
207-209; nparuun 207; rot at 208; 
seorpioidts 207, 208; sendtnrn 208; 

,s tertodon 207; uneniatum 207, 208; 
vn rntnsum 208 

thfpoerea </f fall no so Oil- 014, 010 
// y pom yet s aurantiuis 014, 010; xptnnotat 
Oil, 012; rosclhn s 012, 014; solatu f. 
cucurbit ac 371, 012; tInryawns 015 
H y pop thus amt mean a 29, 30 
Hyp ox is hirsuta 29, 30, 39 
Ifyptis atrornbens 490; conftrfa 490; dda- 
tata 490; uittrnndia 490; lantanat folia 
490; microsphaera 495; mu la 495; 
pidegwidt s 490; n airraid 490; saran 
minim 490; scandt us 495; snmala 490; 
unanala 490; rills 490 

Jh,i agin folium 577; mo n tan a 28, 30, 30; 
opaea 39 

fm pat it ns bx flora 35 

Index to American botanical litoratuie 99, 
179, 328, 445, 555, 003 
Influence of light on the infection of wheat 
by the powdery mildew' Krysiphe grami 
ms trihvi 134 

Inheritance of certain characters in a cross 
of two American species of Lactnca 347 
Inoeybr gtophylla 391, 401 
Interesting North American agarics 390 
I rut, Relative growth of flower parts of tw r o 
species of 122; fulva 122-133; hexagona 
var. giganUt'tu ntlea 122-133; verna 29, 
30, 35 

Isnardia alata 100; al term folia 158; fi 
sahci folia 158; y urn flora 158; areuala 
150; auranfiaca 158; capital a 159; 
cylindrioa 104; hastata 104; hirsuta 
159; var. ptrmolhs 157; hirttlla 157; 


lanctolaia 159; linearis 1G3; Uni folia 
162; inicroearpa 161; mollis 159; palus- 
Iris 155; pednneidosa 156; pilosa 159; 
polycarpa 300; ramosior 105; spat hid ala 
155; xpharrocarpa 160; slneta 103; nuh- 
hasiata 105; suffrutieosa 159; nrgala 
157 

Jatropha arnicatisn'tma 473; baxiacanthn 
472; eureas 457-459; deuiziiflora 472; 
diaeantha 472, 473; gossypifolia 457- 
459; hamosa 404; herbacea 458, 459, 
474; jaentnsis 465,472; jvrgensem 472; 
fitbmanni 460, 405, 472; Ibfgreni 401; 
manihot 458; moluecana 458; multifida 
457; obtusifolia 463; octandra 473; 
papaya 472; ptllala 464; ptruvxana 472; 
phyilaeantha 463, 464; ptalyandra 404; 
pyrophora 405, 470, 472; qvtnqudoba 
472; rangeI 404; rtgintt 403, 473; ro 
tmithfolia 460; stllomanus 473; tenui- 
folia 401; tubulosa 460, 405; vrens 458, 
459; var. brachifloba 471; var. utrrmix 
406, 407; \ar. maregravn 471; var. 
nerfit eta 471 ; var. osieoetirpa 471 ; 
urnigtra 401 ; vitifoha 471, 472 

Jefferson, Thomas. His interest in plant life 
as revealed in hi* writings—I 503 

Jo\Es, Ul\I)K Tl., Studies in Ohio flor- 
isties—HI. Vegetation of Ohio prairies 
530 

Jones, K. Felton and Frederick A. Wolf, 
Uomparatixe structure of green leaves of 
oriental tobacco at different levels on the 
stalk in relation to their quality upon 
curing 512 

J ii plans mgr a 54, 39, 40, 52, 54; par can 
590 

Jumperus virgimana , J. horizontalis and 
»/. a copidornm — I. The speed tic characters 
410; II. Hybrid swarms of J. virgutiana 
and ./. seopnlonim 475; honeotttalis 410- 
418, 475; Ineayana 410; sabina 410; 
seopnlonim 410—418, 475-483; silicicolti 
410; stamlhyi 484; inginuuta 30. 410- 
418, 475-483; \ar. en bra 412; f. bt r 
mt rat 412 

,/ ussiat a brack year pa 104; earyopkylUa 
152; dt cum ns 161; t ncta 152; uiclinata 
104; leptovarpa var. angustissima 104; 
limfolm 152; ntrrosa 104; peduncularis 
165; ptruviana 104; repens var. peplo 
idts 104, 105; snffruUcom var. hgustn- 
folia 104, 105; urugmiyensis 304 

Kalmia Uitifolia 27, 28, 30, 32, 31, 37, 38, 
39, 42, 45; polifoha 028 
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Karlino, Jo&n Brazilian chytridB—T. 

Species of Nowakowskiella 374 
Kavanagb, Frederick and W. J. Bobbins, 
Temperature, thiamine, and growth of 
Phyoomyces 1 

Kelly, Sally, Effect of different concen¬ 
trations of synthetic auxins on decapi 
tated sunflower stems 649 

Labiatae, Supplementary notes on Ameri 
can 484 

Lactobacillus arabmosus 440; casei 439 
Lactuca, Inheritance of certain characters 
in a cross of two American species of 
347; canadensis 347-355; graminifoha 
347-355; sativa 347 
Ladak, Ferns of 660 
Ledum columbiannm 628 
Lejeunea flab clh forme 637 
Lcpeohtnia bvUata 486; caulescenti 486; 
humilis 486; meyeni 487; radula 487; 
sagittata 487; salviaefolia 486; vettieu 
losa 487 

Lepto/nra mediciana Borzi 507- 511; obo- 
vata 507, 510 

Lcuoothoe reeurva 30, 33, 39, 40 
Li, Ilri Lin, Taxonomy and distribution of 
the genus Cercis in China 419 
Lihum carolimanum 36 
Liriodendron tuhpifera 28, 33, 34, 45, 69 
Listerella monocytogenes 109 
Literature, Index to American botanical 
99, 179, 328, 445, 555, 663 
Lobelia sptrata 36 
Lolntm perenne 144-151 
Long, Alice L. and W. Gordon Whalfy, 
The behavior of excised roots of heterotic 
hybrids and their inbred parents in eul 
ture 267 

Loomis, W. hi and A. L. McComb, Sub 
climax prairie 46 * 

Loranthophycus 655; californicus 65<* 
Ludwtgia , the American species of 152- 
165; alata 154,100; altermfoha 152, 154, 
158, 164, 165; var. hnearifolia 158; var, 
pubcscrtis 159; vai. typica 158; anqusti 
folia 163, 164; p ramosissima 158; ami 
ata 153, 156; aurantiaea 158; bertonn 
164; brachycarpa 164; brevipes 153, 156, 
157; capitata 159; var. pnbens 159; 
clavelhna var. grqndvflora 164; var. 
peploides 164; cubemis 161; curtusu 
155, £62; cyhndnea 164; p brachycarpa 
164; diffusa var, califormea 164; fohotsa 
164; glandule,sa 1 fa, 161, 163, 164; var. 
torreyi 104; var. typica 164 ; .hast at a 


164; heterophylla 164; hirsuta 157, 159; 
hirta 164; hirtella 154, 157; hondurensis 
164; mclmata 164; juncea 164; jusstae- 
oides 152, 153, 164; lacustns 153, 156, 
157; f. aquaUhs 156; lanceolata 154, 
159; linearis 155, 163; var. puberula 
163; var. typica 163; Uni folia 155, 162; 
luUa 164; macrocarpa 158; maiiUma 
154, 158; miciocarpa 154, 158; mollis 
159; natnns 153, 165; var. rolundata 
356; vai. stipitata 156; var. typica 156; 
oocarpa 165; avails 152; palustris 152, 
153, 155, 156, 165; var. amen can a 155, 
165; vai. hebmanni 165; var. nana 155, 
165; var. pactfica 155; vai. typica 
155; paruflora 152; peduncutaris 165; 
ptduncnlosa 156; pert nms 152, 153; 
pilosa 154, 157, 159; polycarpa 154, 160; 
prm nosa 165, ramosissima 158, 165; 
ramulosa 165; rudis 159, 165; saqtatana 
165; saticifoha 158; scabnuscnla 165; 
simpsoni 154, 161; simulata 160; spathu 
lata 153, 155; spat huh folia 154, 162; 
vphaerocarpa 154, 160, 161; var. deamu 
161; vai. fiinqttis 361; va r. mao oca t pa 
161; vai. typica 363 , stneta 155, 163; 
sitffi uticosa 154, 159; suaitsxana 165; 
U pi ran a 165; iubtrosu 165; verticillata 
153, 157; vngata 354, 157, 164, 165 
Ludiuigiantha aicuata 156, buupcs 156 
Luffa cyhndnea 319 

Luttrell, K. 8., The moiphology of 
Sphattoshlbt aurantncola (B. & Bi ) 
Fetch 599 
Luzula cchmata 36 

Lycopt rsicnm, Morphology of 77-91; tscu 
Itntum 267-275; piwpwelhfolm 268 
Lycopodium stlaqo 662 
Lyonia hqustrtna 28, 30, 36 
Lysichitum amtrtcamun 628 

Maciophomma phaseoh 372 
Magnolia acuminata 69 
Maize, Parenchyma sheath plastids in 335- 
346 

Manganese, Response of Pythiomwpha 
gtmapodyidt s to 258 
Manilkara zapotilla 235 
Marasnnus onadts 398 
Marita btgomfoUa 296 
McComb, A. L. and W. K. Loomis, Hub 
climax prairie 46 

McYaitoh, Rogers, The genus Cnxdoscolus • 
generic limits and intiagcnenc groups 
457 
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McVeigh, Tlda, Occurrence nnd distribu¬ 
tion of thiamine, riboflavin, and niacin 
in Artna seedlings 438 
Michaud, Virginia, Morphology of the rice 
spikelet 624 

Micron ra coceophila 599 
Minthostachys mollis 486; srtosa 486; 

spicata 486; tomentosa 486 
Monarda austromontana 488; bartlethi 
658; malloryi 658; pnnglei 658 
Monstcra lenvea 331 

Morphological observations on the tomato 
plant 77 

Morphology of Spharrosi dbc auranlncola 
(B. k Br.) Pet eh 599 
Morphology of tlie rice spikelet 624 
Morns rubra 34, 38, 40 
Munz, Philip A., Studies in Onagraeoae— 
XIII. The American species of Lndwtgia 
152 

Mycena atroalboulcs 391 ; clavicularis 391 ; 

thgqntula 392; la* vigata 392 
M\KKK, W. M., The randomness of chromo 
some distribution at anaphase l in auto 
triploid Lohurn pert nnc L. 144 
Mynca yah 628 

Stdrui auranhcola 599; galhgtna 611, 
613, 614, 616, 617; ipomotae 611, 614, 
616; nhiH 611, 614, 615, 616 
Xt uro.sporn, Breeding from aborted asci 
199; crassa 202; sihtphda 199; Ittra 
spnma 199-206 
Niacin 438-444 

Nowakowskiella elegans 374, 379, 388; 
ilonaata 374, 375, 379-381; » ndogma 
384, 388; granulata 374, 376-378; pro 
fusa 374, 382, 383; raiuosa 374, 384-387 
X umpho~anthns polyst pains 628 
.Vi/.s.su ,s ylm1u a 27, 28, 30, 31, 37, 38, 39, 
44, 45, 69 

Orem ionce and distribution of thiamine, 
riboflavin, and niacin in Anna seedlings 
438 

()< nothi hi fruticosa 36 

Ohio prairies, List of species characteristic 
of 538-547 

Onobrycjntt nciai folia 578 
Oocarpon tornlosnm 165 
Costing, H. 3, and Hum M. Williams, 
The vegetation of Pilot Mountain, North 
Carolina; a community analysis 23 
Oryza inutica 591 ; saliva 624-626 
Oum inula cinnamomca 29, 30, 35 
Oxahs curopava vnr. bnshii 36 
Oxycoccoides t ryihrocarpus 433 
Oxifcoecus, A pieliminary consideration of 


the biosystematy of 426-436; erythro- 
carpus 433; macrocarpus 426-436, 503, 
505; microcarpus 426-436, 503; ovali- 
foha 426, 429, 503, 505; qnadnpc talus 
426-436, 503, 505; var. microphyllus 
426, 431 

Oxydcndrum arboreum 28, 30, 34, 37-39, 
44, 45 

Paronychia argyrocoma 31 
Parthcnium integrifohum 36 
Parthniocissus quinquefolia 34, 38, 40, 45 
J’axillus grisco-tomcntosus 407 
Ptcliella latcntia 611, 613-615 
Peculiar fern protluillin 93 
Penicillin 108-119 

Pen'icilhum chrysogcnum 109; crusiaceum 
370; lutcum 371; notalum 109, 111, 367- 
372; vermiculatum 370 
Ptziztlla lythrac 204 
Phoradcndron flarcscens 29, 36 
Phryma hptostachya 35 
Phycomyct s, Temperature, thiamine, and 
growth of 1-10; blakt slteanus 1, 258, 
264, 266 

Phytolacca a men can a 35 
Phytomonas camptslris 115, 116; glycuua 
115. 116; michigantnsis 115, 116; pliant 
oh 115-117; prum 115, 116; sofanact- 
arum 115, 116; ,s ttwarln 115, 116; 

,s ynngar 115, 116; limit facit ns 115-119 
Phytophthora cinnamomat 8-10 
Piet a able,\ 65; sitchtilsu s 629, 631, 633 
Picrasmtt txctlsa 234 
Pirns flortbunda 30, 33, 37, 40 
Pilot Mountain, North Carolina. Vegetation 
of 23 

Pin us banksiana 15, 18, 21, 65; canbbtua 
15; contort a 629, 631, 633; t eh mat a 28, 
34, 38; monlicota 630; potidt rosa 392; 
pungi ns 28, 30, 37; ngida 27, 28, 30, 34, 
37-39, 45; si mbits 36; virginianti 28, 34, 
37, 38, 45 

Plantaqo lanctolafa 36, 39 
Platyclnna crozun 657 
Ph umpogon sabmii 248 
Pleui ol us sulfurt aides 100 
Voa pratt nsis 53, 54, 62 
Podophyllum ptltalum 36 
Pollen analysis of some buried soils, Spar- 
tunburg County, South Carolina 11 
Pollen studies of peat bogs on the Pacific 
coast of Oregon and Washington 627 
Polvntst, Nicholas, Supplementary notes 
on arctic and boreal species in Benson's 
M North American .Ranunculi " 246 
Polycothnm slatnnmm 28, 29, 34, 503 
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Polygonalvm bifiornm 29, 31, 36 
Polymnia canadensis 37; nvcdalia 37 
Polypodivm clathratum 662; ir loulcs 96; 

polypodioides 36; virgin ianum 29, 31, 36 
Polystiehum acrontichoides 29, 30, 35, 37, 
39; laehenense 661; lorxchitis 661; pres- 
coltianum 661; thomnoni 662 
Polystigma rubrum 611, 612, 614 
Populun triahocarpa 630 
Pratt, Robertson, Influence of light on 
the infection of wheat by the powdery 
mildew, Erysiphe gram in is tritici 134 
Preliminary consideration of the biosvs- 
temnty of Oxycoccun 426 
Promts persiea 36, 39; Herat ina 34, 40 
Pseudomonas ritri 107; destrnctans 107; 
fhtorescnis 109 

Pneudotsuga taxifolia 629, 631, 633 
Pteridinm aquilinum 29, 30, 35, 39, 662 
Pterin longifolia 6G1 
Pyrttn communis 34 
Pythiomorpha gonapodyides 258-266 

Qntrcns alba 17, 28, 34, 37, 38, 45, 54, 69, 
70; bicolor 17, 70; borealis 28, 51, 63, 
67, 60; var. maxima 30, 34, 37, 38, 39, 43; 
coccinea 28, 38; ilex 578; ihcifofia 28, 
30, 40, 41; imbricarxa 70; macrocarpa 
17, 48, 51, 58, 59, 62, 71; mardandxca 27, 
28, 37, 38, 44, 45, 68; montana 27, 28, 30, 
32, 34, 37-39, 44, 45; nigra 600, 617; 
palustris 17, 68; stellata 38, 68, 70; 
velutina 28, 34, 38, 45 

Randomness of chromosome distribution at 
anaphase 1 in nutotriploid Lolium ptr- 
enne L. 144 

Ranunculus acris 247; affinis 247, 248; var. 
leiooarpun 247; allenii 248, 256; aquatihs 
var. capiflaceus 252, 253; var. < radieafits 
252; auricomus 248, 252, 255; yar. gla- 
brata 248; chamissoms 251; eymbalaria 
252, 255; var. alpina 255; divaricatus 
253; flammula var. fUxformxs 251; glttci- 
alis 252; gmehni var. terrestris 252; var. 
yukoncnnin 252; hyperborean 251, 256; 
var. tur quel Manns 251, 257; kamehatiens 
251; lapponicus 253; nivalis 249, 255; 
pallasii 253; pedatifidus 247, 254; pur- 
tthii subsp. yukonensis 252; pygmaean 
250, 255; vnr. petiolulatun 250; var. na- 
bi/nii 248; reptans 253 ; sabinii 248, 249, 
254, 255; weleratm 251; var. multi fid us 
252; 'mbrigidus 252; sulphurous 249, 
250; iriehaphyllus'2ti 2; var. eradicatun 
252; var. typieun 253; tridcntatun 235 


Red alga, A new parasitic 655 
Reilly, II. Christine, Selman a. Waks- 
man and Elizabeth Bogie, Bacterio¬ 
static and bactericidal properties of anti¬ 
biotic substances, with special reference 
to plant pathogenic bacteria 107 
Relative growth of flower parts of two spe¬ 
cies of Iris 122 
Reply to Doctor Po hi it in 254 
Response of Pythiomorpha gonapodyides to 
manganese 258 
JR ha minis jiurnhiatta 628 
Rhexia tin can folia 158 
Rhoades, M. M. and Alcidks Cakvauio, 
The function and structure of the paren 
chyiirn sheath plastids of the maize leaf 
535 

Rhododendron eatawbu nse 28, 30, 32, 37- 
40, 42; maximum 28 

Rhus eopallina 28, 34, 38; glabra 28; ioxt- 
codcndron 34, 38; var. radirans 34 
Riboflavin 438-444 

Riley, Herbert Parkes, Relative growth 
of the flower parts of two species of Ins 
122 

Robbins, Willi \m .1. ami Annette Hiryk\, 
Response of Pythiomorpha gonapodynh s 
to manganese 258 

Robbins, W. J. and Fredkkk k Kavvxvgti, 
Temperature, thiamine, and growth of 
Ph ycomyn s 1 

Robxnxa hmpida 28; phi udo acacia 28-30, 
33, 54, 37, 39, 45 
Rubin toicforum 583 
Rum<x obtusxfotiu* 36; patiinha 311 

Sagina decumhnis 29, 31 
Satix nigra 36 

Salmonella arrtryckc 109; schottmufti n 100 
Salvia agues 489; amazonan 490; areolata 
493; azureu subsp. typiea 491; calocah- 
cxna 490; camporum 489; capdUma 491 ; 
enthfbarina 490; compact a 491; cantata 
491; cor ruga (a 489; cuatrecasana 494; 
dandnont 489; domb* yi 493; dugi stand 
490; elegant* 491; flaccida 492; gracilis 
491; grandis 492; hacnkci 490; hniryi 
488, 489; kcltermanni 494; lavanduloidtn 
489; tcucocephala 493; leucochtamys 
489; long i marginal a 492; maci'ophylla 
490; madrennin 490; mendax 49(1; moci 
noi 491; myrinntha 491; occult ntalin 
489; oreopola 489; pahxuri 493; pan- 
namalcnsin 492; patens 490; pichinchen- 
sin 489; pin gui folia 489; potystacliya 
491; pnilvphylla 491; memcridna 489; 
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rubexcms 490; rupicola 491; rulilans 
491; scandal* 493; scutcll aria ides 490; 
ftonltda 494; spaxsiflora 494; sphacclio- 
ides 494; stnnma 488, 489; lerrsac 489; 
tortuosa 493; var. detonso 49H; urica 
491; xalapcnsis 492 
Sanguinuria canadensis 35 
San ieula canadensis 33 
Sarcina lutra 109, 11(5 
Sassafras albuhnn 28, 30, 34, 38, 39 
Sat are ja boliviano 488; var. larijenst 488; 

elhptica 488; puatcmalcnsi* 488 
Saxifraga virgin ten sis 30 
Scholl era t rythrocarpa 433 
Sch rank to an postal a 30, 39 
Sclarea tn glome rata 30, 39 
Seloreids ii» the petiole* of Camellia ja~ 
pontea 302 

Scot pi (Hum scorpioidt s 210 
Scuttllaria eacrulca 487; cardiophylla 487; 
eoccinea 487; mocmuina 487; oricalcca 
487; orah folia 35; pcnUma 488; ps( udo- 
eat rule a 487 ; russelhotdcs 487 ; self nano 
487 ; ft ssellata 487 
Scrirocarpns ash roidt s 29. 30, 39 
St rratio mare* see ns 109 
St somoni mdicum 580 
Shigella gallimu um 109 
Silent virginiea 35 
Sd phi inn eomposit um 29, 30 
Sima ha obovala 234 

Simamba dinar a 220-232; var. opaca 228, 
230; var. typica 228, 229; berteroana 
220-228, 230; t xr< Isa 234; glanca 226- 
231; vai. latifoUa 228, 231, 232; var. 
typica 228, 231; lot ris 220-228, 234; 
monophyUa 234; obovota 234; officinalis 
232; opaca 230; tolar 220, 227, 234; 
versicolor 220, 227, 229, 233; var. on 
(fust if oho 233; var, pallida 229, 233; xai. 
typica 229, 233 

Nimaruhaceae, Studio# in the 220 
Svnlaetna race mono 29, 31, 35, 37 
Smitaji rotunthfolm 28-30, 38, 39 
Smtth, Alexander FI., Interesting North 
America it agarics 390 

Stum* statistics of Achras zapota loaves, 
British Honduras 235 

Spbat rushlbt aurantiirola (B. & Hr.) Dutch, 
The morphology of 599; coccophila 599; 
flammta 599 
Spirata douplasii 028 

Sporelings and vegetative reproduction in 
the genus Ct ratolejeunca (538 
Sporonnia Uponna 014 
St achy* ajugotdes 484; ralcicoto 484; cocci- 
nca 485; costaricensis 485; eriantha 485; 


glecomoidrx 484; guatemalcnsis 485; 
lanata 485; hndenit 485; nvbilorum 485; 
peruviana 485; radicavs 485; serinea 484 
Staphylococcus aureus 109, 111, 115, 119 
Hteil, W. X., Lrptosira mcdiciana Borzi 
507; Peculiar fern prothallia 93 
Slcironcma intermedium 31, 36, 39 
Stew art, .Ralph R., The ferns of Gilgit, 
Pakistan, and Ladak 660 
Streptotkriein 111-120 
Structure and development of seloreids in 
the petiole of Camellia japonica L. 302 
Struthiopteris spieant 628 
Studies in Drepanoelndus —L History, mor¬ 
phology, phylogeny, and variation 207 
Studies in Ohio floristics—III. Vegetation 
of Ohio prairies 536 

Studies in Onagraceae—XIII, The Ameri¬ 
can species of Ludwtgia 152 
Studies in the Simarubaeoae—II. The genus 
Simaruba 226 

Studies on American ITepaticae—V. Two 
lioiuenclatunil changes in Ceratolcjeunea 
637 

Subclimax prairie 46 

Sullivan, B. J., (\ A. Bekger and E. K. 
Witkts, The cvtologicnl effects of ben¬ 
zene vapor 620 

Supplementary notes on American Labia- 
tae—UT 484 

Supplementary notes on arctic and boreal 
species in Benson’s “North American 
Ranunculi ** 246 

Taraxacum palustrc 36; var. nil pare 36 
Taxonomy and distribution of the genus 
Cercis in Oh inn 419 
Tecoma rad icons 34, 39, 40 
Temperature, thiamine, and growth of Vhy- 
com get s 1 

Tephrosta virpiniana 29, 31, 36, 38, 39 
Thahctrum rtrolutuiu 35 
Then baht a 324; japonica 313; viridis 324 
Thiamine 1-10; 438-444 
Thomas Jefferson. His interest iu plant life 
UvS revealed in his writings—l 563 
Thuja pi i cat a 629 

Thgroncctna dnugrata 611, 614-616 
Tdta amtricana 52, 70 
Tobacco, oriental, comparative structure of 
green leaves at different levels on the 
stalk of 512-528 

Tricholomn ftartsctns 400; radicatum 400; 
rutilaiiH 400; scccdi folia 400; tenuiccp* 
40(5 

THcholonwpsis 400 

Trifolium incarmtum 584; reflexum 597 
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Trillium catesbei 35 
Tripmeum dactpUtfde* 39 
Tritumm dicoccoides 357-366; var. aaron - 
ao/rot 357; dicoocw** 362, 365; durum 
357-366; var, leucurum 357; macha 357- 
366; spcUa 357-366; timopheevi 356; 

357-366; vulgare 134-142, 357, 
358, 362, 365, 366, 385 
Tanga hcterophylla 629, 631, 633 
Typha august if alia 385 

tffoas europaeus 577, 584 
Vlmw americana 51, 52, 54, 58, 59, 62, 71; 
/witte 34, 39, 40 

Vvularia perfoliata 35; sesmhfoha 35 

Vaccinmm and related groups, Chromosome 
numbers in 498; amoenitm 501, 505; 
angustifohum 179, 180, 500, 501, 505; 
aretostaphylos 503, 505; a> Icansanum 
' 180, 500; ashei 50l, 505; atrococcum 180, 

500, 501; australe 180, 500, 501, 505; 
brittonit 500, 505; caesanensc 180, 500, 
505; constablaci 501, 505; corymbosum 
180, 500, 501; var. pallidum 33, 39, 40; 
crctssifolvum 502, 505; enthbertii 500, 
505; darrowi 500, 505 dopbvni f>01; 
Hliotlii 500, 505; cryfhCpB*Cp)nn 433; 
hirsutum 500; lamarcKR 180, 500, 501, 
505; margarettae 500, 505; myrsmitcs 
500; myrtilloidex 500; occidentale 503; 
ovatum 502, 505; oxy coccus 628; var. 
intermedium 427; var. ovahfolium 426, 
503; palhdum 180, 500, 501, 505; parvi 
j folium 502, 505; pennnylvantcum 179, 
180, 501; mmulatum 180, 500, 505; talla 
pusae 180, 500, 505; tenellinn 180, 500, 
505; torreyanum 180; uhginosum 503; 
f. genumum 503; f. micropkylhnn 503; 
vacdlans 27, 34, 37-39, 44, 500, 501, 505; 
yirgatum 180, 501, 505; wtts-uiaea 503 
' ^gelation of Pilot Mountain, North, Oaro 
* fern: a community analysis 23 
Ventnria maequahs 371 


Verbaseum thapsus 3$ 

Verbesina occidentals 37 
Vertu'iltium alboatrum 371 
Viburnum accrifolium 34, 40; prunifoluun 
34, 39, 40 
Viola pedata 31 

Vitis aestivalis 28, 33, 38, 40, 45; cordifoha 
28; vulptna 576 

Waksman, Selman A., Elizabeth Bugie 
and IT. Christine Reilly, Bacteriostatic 
and bactericidal properties of antibiotic 
substances with special reference to 
plant-pathogenic bacteria 107 
Walker, Rxtth, Chromosome number, mega 
sporogenesis, and development of embryo 
sne of Chnton*a 529 

Went, F. W., Morphological observations 
on the tomato plant 77 
Whaley, W. Gordon and Alice L. Long, 
The behavior of excised roots of heterotic 
hybrids and their inbried'parents in cul 
turo 267 

WhitakEr, Thomas W., The inheritance of 
certain fharaeters in a cross of two 
American species of Lactuca 347 
Wilkinson, Antoinette Mikle, Floral 
anatomy of name species of Cornvs 276 
Williams, Ruby M. and II. J. Oosting, 
The vegetation of Pilot Mountain, North 
Carolina: a community analysis 23 
Witkus, E. R., C. A. Berger and B. .1 
Sullivan, The cytological effects of ben 
zone vapor 620 

Wolf, Frederick and PI. Felton Jones, 
Comparative structure of green leaves of 
oriental tobacco at different levels on the 
stalk in relation to their qmJit\ upon 
euring 512 
Woodsia oOtusa 35 

Wynne, Frames E., Urosnn in eastern 
North Ameiiea 166; Studies in Dirpano 
clad us —I, History, morphology, pin 
logen>, and variation 207 
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